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In this Controlled Vo} uns pneumatic piston 
operator receives ell. ent eit’ nal and actuates 
a variable speed transmission. Pump speed is auto- 
matically adjusted to provess demand. Servo systems for 
automatic adjustment of st#wke, length by instrument 
air signal also available. 


This pump isa 4-cylinder 
formulating unit. All 
liquid ends are powered 
by a variable speed drive, 
manually adjustable. 
Stroke length of each 
liquid end is individually 
adjustable, manually. 








Standard motor-driven, 
simplex -controlled | 
volume pump, with con- 
stant speed motor and 
manual adjustment of 
stroke length. 











This formulating pump 
has two “miniPumps’”’ 
(capacities in milliliters 
per hour) and one stand- 
ard motor-driven pump, 
all powered by one con- 
stant speed drive. Stroke 
length of each unit is 
manually adjustable 
while pump is in oper- 
ation. 





Which pump is best for YOU? 


Write today for application data on 
Controlled Volume Pumps in: 


Paper Making (Bulletin 455) 
Industrial Water Treating (Bulletin 953 
Process Instrumentation (Bulletin nny 


Circle 1A on Readers’ Service Card 








Broad flexibility 
for metering 
process additives 


If you pump and meter chemicals against 4 
head . . . or maintain fixed ratios of two@ 
more chemical streams . . . or automatically 
regulate flow of a control agent in a contaal | 
system, such as pH, there’s a Milton Roy | 
Controlled Volume Pump that’s exactly righ | 
for your application. 


Illustrated are a few of many flexible adapta | 
tions in simplex, duplex and formulating pump | 
designs that are available from Milton Roy, | 


with manual or automatic adjustments o 
stroking length or speed. Capacities range 
from 3 milliliters per hour to 45 gpm, pressures 
up to 50,000 psi. Accuracy of delivery is within 
plus or minus one percent. Liquid ends at 
furnished in a wide selection of alloys andi 
plastic. Sanitary design, too. 


Have you investigated how you can reduc 
chemical costs and upgrade product quality 
by using controlled volume pumps? One of the 
bulletins listed probably contains the e0 
nomical answer to your chemical metering 
problem. Milton Roy Company, Manufae- 
turing Engineers, 1300 East Mermaid Lane, 
Philadelphia 18, Pa. 





Engineering Representatives in the 
United States, Canada, Mexico, 
Europe, Asia, South America and Africa. 
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SELF-CONTAINED 
PRESSURE 
REGULATOR 


FOR BETTER PRESSURE AND LIQUID 






















| ...A simple, 
| sturdy, self. 
contained — 
regulator that | 


is suitable — 
for steam, _ 
air, gas, oil, 
water and 
other fluids. 


SERIES 95 features hardened stainless steel 4 
trim . . . flat seat . . . machine lapped 
seating surfaces for tight shut-off for high” “4 


temperature steam service. all 


Also available with soft seat construction i : 


for low temperature service. 
Sizes: 4", %", 2"; %", 1". 


Outlet pressures from 2 to 30 PSI; 15 to 150 et 


PSI. Size for size, compare its capacity. 
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No Man’s Land 


© Relatively few of us in the industrial and scientific world enjoy the 
privilege of communicating freely and with understanding in the field 
of instrumentation and automatic control. In this virgin technology 
there is a virtual vacuum of common understanding — a no man’s 
land of words and numbers. Only the experienced talk with under- 
standing, conditioned with prior agreement as to definitions and 
terminology. 


© Few instrument and control engineers can converse freely — for want 
of definitions. Borrowed and revised terminology from other sciences 
is used with difficulty, understandably so because each group has its 
own point of view. Instrument manufacturers have difficulty in 
getting their salesmen and engineers to convey the same meaning for 
a given fact — not because of basic knowledge — but for the lack of 
words with agreed definitions. The user must define all terms in a 
specification or contract, simply because there is no agreed definition. 
The engineering department must issue a set of terms with definitions 
before they approach operations with a design problem. The main- 
tenance department uses that terminology employed by the manufac- 
turer which supplies most of the equipment in their plant. 


€ Lack of common terminology is a costly and serious problem in the 
instrument and automatic control field that we cannot afford to let 
time alone solve. Quick figures should convince one of the tremendous 
losses in time, sales, production, and ability to get the job done simply 
because we cannot understand each other. New products are not sold, 
existing products are not properly utilized, and educational processes 
are incomplete because we do not have a common language. 


" Cooperative action is required. Although several technical organiza- 


tions are working on terminology standards, there is every reason to 
believe that many points of view are not being considered. Every 
manufacturer and user of instruments, controls, and components is 
invited to send definitions and terminology to the ISA. We guarantee 
they will be sent to organizations and committees working on this 
problem. 


© Another point of view is always important and welcome when a com- 
mon denominator is being sought. 


Chic ahty 


Editor 








out 
brit 


The Editor Introduces... con 


ro 


A New Approach in 
PROCESS CONTROL SYSTEM DESIG\ ° 














6. 
' 
' 
The ISA JOURNAL is pleased to bring to its readers a series of articles 
that will be a milestone in practical automatic control design procedures. They 
present the results of an actual process design in which control problems are of 
prime importance. Because the success or failure of the process operation is so 
totally dependent on stability and accuracy of control, radically new procedures 
and techniques were required to accomplish the design. It is a case where control 
had to come before process, requiring completely predictable information on both 
process and control dynamics before process design could be successfully accom- 
plished. ‘The result was the establishment of a rational procedure for control 
system design. Although for a specific process, it is applicable to a great many 
industrial processes. 

On the opposite page we begin the design story of the procedures reported in this series of articles was promplt 
Engine Test facility at the Arnold Engineering Develop- by encounters of the authors with engine test facility a : 
ment Center, Tullahoma, Tennessee — largest of the trol problems. Many of the methods and results are, hor 
aerodynamics model and jet engine testing facilities op- ever, particularly applicable to other gas flow systems a ss 
erated by the U. S. Air Force, Air Research and Develop- even for completely different processes. “s 
ment Command. AEDC is operated for the Air Force by The general purpose of this series is the presentation ™ 
ARO, Inc., a subsidiary of Sverdrup & Parcel, Inc., the a rational control design procedure for gas flow procesa) 
design engineers for the center. the mathematical description of gas flow system dynamit oH 

One of the three major facilities of the AEDC is the the application of modern control analysis and synthes! Z 
Engine Test Facility (ETF). In an engine test facility techniques to complicated systems, and a description ¢ 
air is supplied to the inlet of an engine by a compressor some of the necessary physical properties of a succes#l th 
system at a certain temperature and pressure. The engine system. The series is as follows: . 
exhaust is maintained at a pressure lower than atmospheric pe 
by an exhaust system. Accurate simulation of engine wy is 
Mach number and altitude is brought about through control ‘ 
of exhaust pressure, inlet pressure, and inlet air tempera- 1. Developing A Rational Procedure for Control Syst 7 
ture. Control of pressures is accomplished through throt- Design in Gas Flow Processes. tr 
tling valves between the test cells and the respective com- 2. The Mathematical Description of Gas Flow Process ‘a 
pressors; temperature is controlled by mixing hot and cold for Control Purposes. ut 
air from two legs of the air supply. a oi 3. Control Valve Requirements in Gas Flow Processes. 

The success or failure of an engine test facility is largely dh Geille at tan Die 6 =a 1 Systems es 
dependent on the stability and accuracy of control of the nay yat shai - — ow Process Control Sys : in 
simulated flight conditions. These variables are dependent 5. Operational Design and Procurement of Gas Fi@ 
on practically every active component of the facility as Process Control Systems. si 
well as the test articles. Thus, the control problem in such 6. Operation of a Jet Engine Test Facility Process Cot: . 
facilities is of prime importance. The various studies and trol System. to 

al 
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IN BRIEF 


The various items of method, philosophy and procedure 
outlined in this paper may be collected as follows into a 
priefly stated methodology for control system design of 
complex gas flow processes: 


The formulation into adequate mathematical expres- 
sion of the behavior of gas flow systems is both pos- 
sible and necessary. 

An individual equation (or relationship) can and must 

be written for each process element. 

3, The process can and must be separated into smaller 
processes, each mathematically definable, and all. con- 
nected mathematically so that interactions can be in- 
vestigated. 

4, In synthesis, the closed loop system performance must 
only be limited by the process, or because of industrial 
limitations, the valve system. 

5. The control system must not be considered as a 
measuring instrument. Dynamic characteristics must 
take preference over steady-state characteristics. 

§. If the dynamic performance of the process and control 

components can be expressed mathematically, the sys- 

tem can be synthesized for optimum controlled per- 
formance. 


1. 


re 
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The frequency response of the control valve and its 
positioning system should be one decade beyond the 
process lumped parameter response, need not go be- 
yond the distributed parameter limitation, and must 
be compromised with industrial availability. 

8. The synthesis should be made with the assumption 
that measurement system and controller computation 
are perfect and have dynamics so fast as to be neg- 
ligible with respect to process and controlling element. 

9. If the analog computer is good enough to serve as a 
simulator for control design requirements it must be 
good enough to act as the control itself. It insures 
the assumption of item 8. 

10. Actual operation problems must be allowed to in- 
fluence control system design, particularly the relation 
to manual operation. 

11. The language of mathematics should be the principle 
tool in the transmission of engineering information. 

12. Procurement should be based upon requiring that 
each supplier of a system portion be responsible only 
for the portion he is supplying. 

In succeeding articles the authors show that the above 
rational procedure gives adequate control system design. 


Developing a Rational Procedure for Control 


System Design in a Gas Flow Process 


by G. V. Schwent, W. K. McGregor and D. W. Russell 


Instrumentation Branch, Engine Test Facility, ARO, Inc., Tullahoma, Tennessee 


INTRODUCTION 


PRIOR TO INITIATION of this study none of the jet 
engine test facilities in this country had automatic closed- 
loop control of the primary variables (engine inlet pres- 
sure and temperature and engine exhaust pressure) at all 
simulated altitudes and Mach numbers. They relied prin- 
cipally on manual control by remote positioning of control 
valves, Automatic closed-loop controls that were attempted 
were useful only at isolated operating points. 

The trend in industrial process control has been toward 
the black box, all purpose controller, to be used for any and 
all processes. There has been a distinct lack of tailored 
control systems for specific plants. This procedure is very 
Proper in many process control applications. A control 
problem as involved as that which exists in a multi- 
million dollar jet engine test facility deserves a concen- 
trated, modern, scientific approach. Control of the 
Primary variables is the most critical element in optimum 
Utilization of the facility. 

A search of the literature does not reveal specific work 
on this partieular problem. There can be found abundant 
information on the dynamics of pneumatic systems as ap- 
plied to pressure measurement, acoustics, and muffler de- 
sign. There are many fine mathematical treatments on the 
synthesis of feedback control systems. Other sources of in- 
formation are the manufacturers’ literature on the design 
and capabilities of components. To assimilate this litera- 
ture for use in a controls analysis requires a large amount 
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of engineering effort. As a basis for mathematical analysis 
a report was written which consolidates most of the avail- 
able information which relates to the dynamics of the 
pneumatics.' 

It was mainly for these reasons that the analysis and 
design of controlled gas flow systems was undertaken. Ac- 
complishments at the Engine Test Facility, AEDC, can be 
summarized in three categories: 

1. Analysis of the dynamics of gas flow systems with 
successful experimental verification. 

2. Establishment of a rational procedure for control sys- , 
tem design in gas flow processes. 

3. Successful installation and operation of the altitude 
pressure control system in the Engine Test Facility. 

Part 1 is concerned with the basic elements of design 
procedure for complicated control systems. A simple, con- 
trollable gas flow process, known to the authors as the air 
side of a jet engine test facility, will be described. The 
problems involved in control considerations will be devel- 
oped for this particular process. From a rational analysis 
of these problems the different methods and philosophies 
necessary to successful control system design will be de- 
veloped. The succeeding articles will clarify many of the 
terms and principles not fully expanded herein. 





1"Analysis of Gas Flow Systems for Dynamic Control Purposes," W. K. 
McGregor, D. W. Russell, R. W. Messick, L. F. Burns, April 1956 
AEDC-TR-55-11, Astia Document No.: AD 88130 
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Aerial View of Engine Test Facility including Ram Jet Addition. 


AN EXAMPLE OF A GAS FLOW PROCESS 
Description 


The schematic diagram of a typical gas flow process for 
supplying air at a given pressure and temperature to the 
inlet of an engine test cell is shown in Figure 1. Air at 
atmospheric conditions is compressed by the two motor- 
driven compressors to a pressure, P,, and temperature, @,. 
Valves Al and A2 are provided for startup and for preven- 
tion of compressor surge. This high pressure air is then 
split into two flow legs: one through a heater which pro- 
duces a hot air temperature, 6,; one through a cooler 
which produces a cold air temperature, 6.. The two con- 
trol valves A, and A, must serve the dual purpose of mix- 
ing hot and cold air to give a temperature, @,, at the 
engine inlet and also to throttle the high pressure air to a 
lower pressure, P,. The amount of air flow through the 
engine is dependent on the engine characteristics, the ex- 
haust pressure, P,, and the airside pressure and tempera- 
ture, P, and @,. 

The geometry of the physical ducting, the heaters and 
coolers, the control valves and the test cell inlet of pro- 
cesses of this kind can be and usually are very complicated. 
The complications stem (1) from configuration design 
which makes the same plant available to more than one 
test cell and enables varied uses of compressors, (2) from 
space limitations which introduce many crooks and turns 
in the ducting, and (3) from structural considerations, par- 
ticularly of the heaters and coolers. 


Control Requirements 


The paramount concern of this process is to make avail- 
able at the engine inlet air at an accurately controlled pres- 
sure and temperature. One testing method employed by 
engine developers is the evaluation of engine parameters at 
steady state Mach numbers and altitude conditions. This 
method requires that inlet pressure and temperature and 
exhaust pressure remain essentially constant. There are 
two situations in this type of testing: the engine running at 
constant fuel flow (constant speed for a turbojet engine) 
and the engine under transient variations of fuel flow (en- 
gine speed variations for turbojets). For either of these 
conditions, transient disturbances are encountered and 
must be corrected through proper control action. 

A second method of testing involves the simulation of 
missile or aircraft trajectories. For this type test it must 
be possible to have airside pressure and temperature and 
exhaust pressure follow predetermined programs with time. 
During these programs the transient disturbances discussed 
in the previous paragraph are also present. Thus the suc- 
cessful simulation of a trajectory presents a difficult control 
problem. 
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The demands of correction for transient disturbances a. 
trajectory simulation are in direct conflict. It will) 
shown in a later paper that the former demands a “gly 
plant while the latter requires a “fast” plant. The prop 
compromise between these two requirements represe 
another of the control system design problems. 


Plant Limitations 


In such a process one is also faced with equipment lip 
tations which must be coped with by the control sysia 
The duct geometry may be extremely complicated by bens 
and turns, each introducing pressure loss which varies wil 
flow. Distributed parameter effects (organ pipe refs 
tions) must also be considered because of the sizes | 
lengths of the ducting. ' 

Compressor and drive motor limitations are also inj 
portant control considerations. The motor overload @ 
ditions are brought about by excess flow through the om 
pressor, producing excess heating and possible damage 
the internal insulation of the motor. The control syste 
must prevent this overloading. Another serious limitatia 
of compressors is the surge limit, the compressor bli 
aerodynamic stall, which occurs at excessive pressure ratit 
and low flows. This condition introduces a reversal ¢ 
flow through the compressor and serious structural stresses 
This condition also must be guarded against by the contt 
system. 

Heater and cooler performance affect the control of inl 
temperature. They possess limitations with flow which a 
serious hindrances. Temperature control is also hinder 
by the heat loss (or gain) from heat transfer through th 
duct walls. Transport time from the hot-cold air mixit 
point to the engine inlet also presents a dynamic problet 
in temperature control. 

Perhaps the most important 
brought on by the valve performance. 





limitation to control } 
Both trajectot 


limits and error response to transient disturbances | 


determined by valve actuator speed limitations. Resolt 
tion, or setting accuracy, is directly dependent on the valt 
positioning resolution. Valve sizes, aerodynamic loaditt 
and high temperature conditions create severe torque ast 
structural requirements on the valve design. Valve # 
tuator dynamic performance requirements are also actt 
tuated by these conditions. Valve performance is one 0 
the critical items in the process. 


Dependence of Controlled Variables 


The multi-dependencies of the variables to be controle 
on the various independent variables in the process mals 
the control problem even more complicated. Engine inle 
pressure and temperature are interdependent on the areés 
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1 and A,, on the heater and cooler tempera- 
> » gan md on valve areas A, and A,, on lengths and 
a bes of ducting, on variations of temperatures ©, and 
eth flow and on speeds of positioning of all valves. 
S xpresses most of the dependencies but not necessarily 
2 These dependencies may be conveniently displayed in 
array of Figure 2. The fundamental variables, flow 
ugh valves, temperature output of heaters and coolers, 
pressor drive speeds, and engine flows are dependent on 
directly controlled primary variables such as valve 
heat inputs or extractions. These variables are in 
dependent on even more primary variables, motor sup- 
yoltage and frequency, and engine fuel flows and nozzle 

The manner of dependence of these interrelated 
bles is even more complicated. 


Design Situations 

In general, one encounters two control system design 
situations for processes of this kind. In the past most gas 
flow processes have been designed to meet structural re- 
quirements with control system and _ instrumentation 
treated as after-the-fact elements. This constitutes design 
of a control system for an as-built plant. The other situa- 
[ tion, which is now being encountered more often, concerns 
design of the control system integrally with the plant. The 
latter situation offers the designer far more to work with 
— and the basic plant design is not appreciably affected. 

will } 
al he DEVELOPMENT OF THE RATIONAL METHODOLOGY 

tee The Process Analysis 


Tepresent 

Fundamental to the design of a control system for a 
given process is adequate expression of the process dynam- 
ies. An examination of the array of Figure 2 makes the 
problem of mathematical analysis look very difficult if not 
ment lin} impossible. It is necessary at the beginning of the control 
‘ol syst) study to establish that the formulation into adequate 
1 by beh} mathematical expression of the behavior of gas flow sys- 
aries wih} tems is possible. 
ipe refs In order to express the behavior of the gas flow system 
sizes al) of Figure 1 in transfer functions useful to the control sys- 
tem designer, many mathematical techniques may be re- 
' also inf quired. Methods of operational calculus should be used to 
rload @@) express transfer functions and their response because of the 
1 the cof uniformity of expression afforded and to the almost uni- 
Jamage¥} versal use of this method in the synthesis of control sys- 
ol syst} tems. Use of the classical solution to differential equations 
limitatia also becomes of value for special cases. The theory of small 
ssor blak} perturbations can be made use of to reduce non-linear 
sure ratit} equations with varying coefficients to linear differential 
eversal @> equations with constant coefficients about an operating 
il stress#> point. Use can also be made of lumped parameter approxi- 
he cont} mations in order to obtain solvable ordinary differential 
equations rather than the partial differential equations 
ol of inl 
which ar 
. hinderel 
rough the 
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Figure 2. Multidependence array of controlied variables of 

the gas flow process of Figure 1. 
encountered if the space variable is not neglected. Solution 
of the partial differential equation is, of course, necessary 
to justify this procedure and to determine its limitations. 

A factor which is fundamental to the analysis of gas 
flow processes is that an individual equation can be ez- 
pressed for each plant element. An equation can be written 
which adequately describes the weight of gas flowing 
through a variable area control valve in terms of upstream 
and downstream pressures, gas temperature, and valve area. 
An equation can also be written which expresses the rate 
of change of pressure in a volume due to net flow in or out 
of that volume. The compressor weight-flow pressure-ratio 
characteristics at different temperatures are also available. 
Thus, on a lumped parameter basis, a set of simultaneous 
equations can be derived to describe the entire process. 
Distributed parameter equations can be written and solved 
for each section of duct which express the organ pipe re- 
flection effects. The lumped and distributed parameter 
effects can be correlated to show important aspects of each. 

It is thus possible to write equations which relate every 
plant component and duct length and, theoretically, the G 
functions of the array of Figure 2 can be obtained. The 
process of determination of the G functions, however, would 
be next to impossible owing to the maze of simultaneous 
equations to be solved. The understanding of their mean- 
ing would even be more difficult. It is only necessary to 
attempt such a scheme to realize the folly. It is in such 
instances that the expression “You can’t see the woods for 
the trees” takes meaning. The analysis must be stripped 
of all unnecessary or trivial complications. 

The solution of a problem as complicated as that in- 
dicated by Figure 2 must follow a logical sequence. 
The process must be one of building up, of simplified as- 
sumptions, of breaking huge problems into smaller soluble 
ones. Thus, it is fundamental for successful solution that 
the process can be separated into smaller processes, each 
mathematically definable, and all connected mathematically 
so that interactions can be investigated as side effects. If 
such interactions prove appreciable, the analysis must be 
altered to include them. Means can be taken in the con- 
trol system design to either eliminate their effect or to 
utilize them. 
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Figure 3. 


Block diagram of a controlled system. 


The gas flow process of Figure 1 can be subjected to this 
sort of treatment. A convenient break to make initially 
is to consider only P, as a function of the four valve areas 
and the engine flow disturbance and to neglect heaters, 
coolers, and the temperature problem. On writing the 
lumped parameter equations and forming transfer func- 
tions, one discovers several useful properties. For example, 
one finds that if the compressors are maintained at a con- 
stant operating point the equations simplify considerably. 
Therefore, thought should be given to having valves A, and 
A, perform this function. Considering the throttle valves 
Ay and A, as merely sources of valve area change, one can 
define both the lumped and distributed frequency spectra. 
One also finds from this simplified analysis that the throttle 
valves and the surge valves may be tied together by an al- 
gebraic relationship which serves to eliminate a large por- 
tion of the interaction. 

Another logical break for analysis purposes is the tem- 
perature system. Considering only the effect of the valves 
Ay and A, and assuming constant temperature outputs of 
heaters and coolers, the temperature mixing equations can 
be formed. One finds that temperature is proportional to 
the ratio of the equivalent flow areas of valves Ay and Ag, 
with hot and cold gas temperature changes, changes in pres- 
sure drop and other external disturbances as side effects. 
The position can be taken that if the side effects do not in- 
troduce changes too fast for the control valve, the closed- 
loop can adequately compensate for them. 


The Control Problem 


Having defined or eliminated all the G functions of the 
array, the consideration of the control problem now be- 
comes prevalent. A block diagram of a controlled system 
is shown in Figure 3. The dotted blocks serve to divide 
the system into six definable sections. The process (section 
4) is definable to the point of establishing its dynamic re- 
sponse characteristics, as discussed in the previous section. 
The system input must necessarily be of human origin for 
the system under discussion. Hence, an accurate visual in- 
dication of the controlled variable is necessary for human 
decision (section 5). Another required section is a con- 
trolling element (section 3), a positioning valve in our sys- 
tem. The other two sections of the system complete the 
automatic controlled system. 


Automatic vs. Manual Control 


A very interesting consideration at this stage of the 
control problem is manual versus automatic control. If 
the control requirements of the system, the process dynam- 
ics, and the operation conditions permit, sections 1 and 2 
may be combined in the human operator, the measurement 
system may be eliminated and the control loop be closed 
through the manual operator. Whether this can be done 
from a dynamics standpoint depends principally on the 
process dynamics. Factors other than dynamic considera- 
tions may also enter into the selection of the mode of con- 
trol. 


Performance Limits 


A policy which should be adhered to is that the cli 
loop system performance should be limited only by 
process. From this consideration, it is quite Simple ; 
ascertain whether manual control is feasible from 4 
dynamics standpoint. Experience has shown that the 
namic response of a human in such application jg 
proportional plus integral with response limited to 
10 radians per second. A convenient rule to Apply, agg 
on phase shift, is that any control element should be: 
least one decade better in frequency response than th 
process. Hence, manual control is feasible from the dyngp 
ics standpoint for processes slower than one Tadian jp 
second. This statement, of course, assumes Control 
element and measuring instrument response are also ng 
limiting. Any of the other factors mentioned can, ¢ 
course, eliminate manual control considerations, 


The Control Valve 

Other than the process itself, the most costly item is th 
control valve. Thus, it deserves prime consideration, Oy 
need not buy control valves better than one decade jp 
frequency response beyond the process response. Howerg, | 
the response needs to be at least this good or the yp! 
will be the limiting factor instead of the process, Iti 
this consideration which brings the distributed parame 
response into focus. Many gas flow processes of the typ | 
being considered have distributed parameter nodal fp! 
quencies which occur low enough to limit the controly 
performance. At this frequency, the process phase shift}g| 
already reached 180 degrees and further control efforts » 
useless. Valve operator performance has also progressed) 
an apparent limit of about 15 to 20 radians per second) 
industry. Thus, the frequency response specification of th 
controlling element should be one decade beyond the lumpi 
parameter response, need not go beyond the distribute 
nodal frequency and must be compromised with industria 
availability. 





Instrument vs. Control 





An examination of the measurement system (section § 
and the measuring instrument (section 6) of Figure 3 ill» 
trates another principle. This principle can be stated thu} 
The control system need not be considered a measuriy 
instrument. The reason for this is not apparent with 
consideration of the human element (section 1). In ore 
to satisfy test conditions, it is necessary to have extrem) 
accuracy and readability in the measuring instrumet. | 
However, in automatic control considerations, the dynam} 
response is the principle requirement. In general, ther 
two requirements are not compatible. Other considerations | 
such as slow term drift, non-repeatability, temperatur 
effects, and so forth, do not affect control system perform | 
ance as long as an accurate measuring instrument is aval | 
able, which the human operator can use for setting a poilt 


Synthesis 

If the dynamic performance of the process and the 0 
trol components can be defined mathematically, the syste 
can be synthesized for optimum controlled performant 
The literature is filled with various techniques of 9 
thesis each having its own merits and particular applic 
tion. No recognized technique should be overlooked. Theft 
are three functions in the synthesis problem for complet 
non-linear interacting systems of the type under disci 
sion. They are: 

1. Synthesis for optimum stability-dynamic performane 
using the small perturbation constants about operaltilt 
points. 

2. Establishment of linearization functions which 
pensate for process or valve constant changes wilt 
operating point. 

3. Establishment of interaction linkages between syst™ 
to eliminate harmful interactions or take advantage 0 
useful interactions. 

The first function follows standard frequency resp 
techniques, for it is essentially a linear problem. T 
linearization functions are found through examination © 
the small perturbation constants and mapping of the 
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gains and time constants over the operating range. 
tion linkages are found through investigation of side 
as discussed previously. 
The synthesis is made with the assumption that measure- 
stem and controller computation are perfect and 
pea amics so fast as to be negligible with respect to 
Ie el controlling element. This satisfies our original 
jrement that the system performance be limited only 
er rocess or controlling element, whichever is slower. 
wren of availability of such components immediate- 
ly arises and will be answered in the next section. 


p 
Interac 


Analog Computers 


Many readers may have wondered why an analog com- 
puter was not used in solving this complex problem. This 
question deserves a complete answer. One must first con- 
sider objectively the capabilities of an analog. The analog, 
or differential analyzer, is a simulator of linear differential 
equations with possibilities of simulating a few non- 
linearities. It deals only with information provided. If 
it were possible to set up the entire, non-linear, interacting 
problem without error, the operator would still be faced 
with the problem of understanding what he had simulated. 
He would still run the risk of becoming lost in details; 
his solutions would not show analytical trends. 

Actually, owing to the complexity and multidependence of 
such variables as flow through control valves, it would be 
next to impossible to simulate such a system as is being 
considered here. Thus, the problem necessitates reduction 
to small perturbations about an operating point, which 
gives a set of linear differential equations. A linear set of 
differential equations can be handled easily by modern 
frequency response techniques. Analytical techniques of 
examining such systems also reveal the non-linearization 
functions and interaction linkages which can only by 
chance be encountered on the analog computer. 

However, many isolated parts of the analytical problem 
can best be understood through analog solution, particular- 
ly non-linear problems which cannot be reduced to small 
perturbations. The analog is also a valuable tool in the 
acceleration of experience, even on linear systems. Never- 
theless, it is not a synthesizer. 

The analog computer is most valuable in actual usage 
with assembled hardware. In the past, its principal use 
has been in simulating parts of systems with known dy- 
namic relations with the remainder of the system composed 
of the actual hardware components. In this way, compon- 
ent constants and controller gains could be practically 
chosen. If the analog computer is good enough to serve as 
asimulator for design requirements it must be good enough 
to act as the control itself. Following this principle in- 
sures that perfect computation, as originally assumed in 
the synthesis, is available. 

The analog computer offers a multitude of advantages 
when used as the control of a complicated process such as 


the system being discussed. The linear operations of error 
sensing, voltage matching, and controller computation can 
be accomplished readily with operational amplifiers. Large 
adjustments in proportional gain, in integral time con- 
stants and in equalization functions can be made by simply 
changing the value of a resistor. Linearization functions 
such as operating point compensation and valve area-posi- 
tion linearization can be accomplished with function gen- 
erators. Curve follower type function generators are avail- 
able for trajectory programming. Limitors are available to 
prevent saturations, to avoid regions of operation, and for 
various other uses. 

Probably the most important advantage of the analog 
computer as the control is its extreme flexibility. Suppose, 
for example, the analysis is in numerical error. The only 
difficulty involved would be the replacement of a resistor 
costing ten cents. Suppose two parts of the process have 
been divided such that serious interactions occur. By use 
of interconnecting electrical signals through computing 
links and added through operational amplifiers, the inter- 
actions are taken care of. This extreme flexibility and 
dynamic accuracy of computation absolve a large majority 
of the doubt associated with control system design. 


Operational Requirements 


One has always to face reality in actual system opera- 
tion. The manual operator discussed previously is just an 
example. Other considerations such as safety, space limita- 
tions, and utilization are of importance. One of the im- 
portant considerations in engine testing is that airflow 
must not be cut off either from the inlet or outlet. This 
suggests multiple valves and vernier type operation. This 
fact, coupled with valve resolution and operator torque 
problems, make multiple, sequenced valves very desirable. 
Many other such features could be cited. It can generally 
be stated that actual operation problems must be allowed 
to influence control system design. Flexibility and pro- 
vision for manual operation are two primary considerations. 


Procurement 


The methodology presented herein has suggested a very 
desirable procurement method. The dotted blocks of 
Figure 3 isolate definable portions of the system, each 
having an independent input and output. Thus, on a 
mathematical basis, each component may be specified as to 
dynamic performance, drift and resolution, with system 
compatability being insured through an overall specifica- 
tion. The language of mathematics should be the principal 
tool in the transmission of such engineering information. 
Operational requirements and special features can easily be 
spelled out, especially by specifying analog computer com- 
ponents. The governing principle of control system pro- 
curement is that the supplier of each portion of the system 
should be required to guarantee only what he is supplying. 
Application of this rule will result in considerable savings. 
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The design and construc- 

tion of a new test appara- 

tus is described for measur- 
ing the frictional properties of a 
wide variety of solid materials 
rubbing against various metal 
surfaces. The apparatus has 
been successfully used for the 
study of brake linings, clutch 
facings and plastic bearings. It 
consists essentially of a variable 
speed, heated metal disk against 
which a flat test specimen is 
pressed by dead weight loading. 
Friction force is recorded, and 
sample wear can be measured. 
Unique instrumental features “Pvor 
are the automatic linear increase ~: 
of disk temperature, continuous 
recording of strain, and semi- 
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by P. J. Willson, S. B. Twiss and D. M. Teagu| 

Engineering Division, Chrysler Corporation, Detroit, Michigan) J 
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INTRODUCTION friction machines described in literature are peculiary by I 


FRICTION MATERIALS may vary widely in their com- 
position, from organic bonded materials such as brake lin- 
ings to sintered metals used in clutch bands and cerametal- 
lic compositions employed in aircraft brakes. Despite their 
diversity of composition, friction materials have several 
features in common: they must exert a reasonably high 
friction force in rubbing contact with metal surfaces, and 
they must not produce excessive damage to the mating 
surface. Finally, friction materials must perform satisfac- 
torily over a wide range of temperature and speed, and 
have low wear for the particular application intended. 

These requirements pose a difficult problem from the 
viewpoint of friction measurement. It is not enough sim- 
ply to measure friction at one velocity and ambient tempera- 
ture; an adequate laboratory apparatus must be capable of 
measuring friction over the entire range of conditions en- 
countered in use. Thus, most of the laboratory apparatus 
described in literature of friction suffer from restrictions 
with regard to speed, temperature, or sample shape which 
make them unsuitable for use with friction materials. For 
example, the Bowden and Leben apparatus’* restricts the 
speed to 0.001 cm./sec. to a few cm./sec. 

The NBS friction apparatus,? which was developed for 
measurement of the frictional properties of rubber,’ in addi- 
tion to the restriction of low speed, has no provision for 
heating the metal track. One machine, characteristic of a 
type used in many laboratories, has the friction specimens 
moving in relation to the metal mating surface.*| The ob- 
jection to this apparatus is that the samples of friction 
material would be difficult to prepare and have a small 
area; loading of samples is also a problem. Many other 


*Superior numbers refer to similarly numbered references at end of 
this paper. 


adapted to the study of lubricated friction, and can 
be applied to the investigation of dry friction. 


The only laboratory apparatus which appears to him] 


been specifically designed for testing brake lining materia 
is the Chase machine.’ In this apparatus, the one squint 
inch friction sample is held and constrained to ride ont 
rim of a revolving drum. 


up to 3000 ft./min. The surface finish of the drum calk 
controlled at 12-20 microinches. Finally, a heater has be 


built into a shroud around the drum, so that the maximus | 


temperature without friction heat is about 800°F. 


In spite of the obvious advantages of the Chase machitt 


over other laboratory machines used to evaluate fricti# 
materials, the authors believe that certain desired specifi 
tions are not met by this machine. For one thing, a lowe 
operating speed than 600 ft./min. is desired for certall 
testing conditions. 

A new test apparatus has been designed and built for 
measuring the frictional properties of a wide variety @ 
solid materials rubbing against various metal surfaces. This 
apparatus has been in continuous use in the authors’ labore 
tory for three years, and has proved to be of great value 
screening friction materials prior to dynamometer and 1 
testing, and in establishing quality control of brake linité 
Because of the versatility of this apparatus, it has beet 
possible to study many of the fundamentals of friction & 
havior, such as the effect of various rates of heating ® 
fade resistance and the effect of speed on coefficient of frit 
tion at constant temperature. The purpose of this artic 
is to present the unique features of this apparatus whic 
might profitably be incorporated in similar equipment ® 
other laboratories. There is a real need in the frictis® 
materials field for a rapid, reliable friction test with whid 
the industry can standardize and control its materials. 


ISA Jour 








The load can be varied from Bu 
200 pounds, and the speed can be varied from 600 ft./m 
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resT REQUIREMENTS AND DESIGN SPECIFICATIONS 


It has usually been an objective in designing laboratory 
pparatus for testing friction materials to approximate as 
closely &8 possible the conditions obtainable in a brake on 
road test car. This is a desirable objective in the design 
a full scale brake dynamometers, although certain road 
wt variables are advantageously eliminated, such as effect 
of weather, car condition, driver response and test history. 
This should not be the goal in designing laboratory appa- 

because fundamental friction properties independent 
of brake variables are required to compare materials over 
a long term development program. Self-actuation in the 

variations in pressure over the length of the brake 
shoe, different rigidity and mass of brake drums make it 
difficult or impossible to compare directly linings tested 
on different brake systems. 

The primary object, therefore, in designing laboratory 
frietion apparatus is to eliminate the brake variables, and 

retain the fundamental conditions which affect lining 
behavior, such as load, temperature, mating metal surface 
condition, and speed. It is also desirable to simplify the 
testing procedure and the preparation of test samples, so 
that the laboratory test can be carried out in a much 
shorter period of time. 

The friction apparatus which was designed will be de- 
seribed briefly before the details of construction and op- 
eration are discussed. The apparatus consists of a rotat- 
ing, horizontal cast iron or steel disk, Figure 1. A flat test 
specimen of friction material is clamped to the underside 
of a pivoted loading beam, which presses it downward 
against the rotating disk. Loads of 10 to 250 lbs. on the 
test specimen are obtained by dead weight loading of the 
beam. The speed of the disk can be controlled through a 
variable speed motor and transmission gear changes, the 
rpm being observed by a tachometer. Speeds of 18 to 1500 
ft/min. are readily selected and maintained. The disk can 
be heated electrically from room temperature to 1000°F., 
and the temperature recorded continuously. The friction 
force caused by the cast iron disk rubbing against the 
specimen surfate produces a horizontal thrust in the load- 
ing arm, which is measured by a strain ring and recorded. 
Wear causes a decrease in the distance between a reference 
mark on the beam and the disk surface, which is measured 
by means of a dial gage clamped to the loading beam. 


DETAILS OF CONSTRUCTION 
Apparatus Structure 


The framework of the test equipment is welded 2” x 2” x 
0375” angle iron with channel iron structures welded in the 
bottom to support the motor base plate and under the top 
to reinforce it, Figure 2. The table top is 0.5” steel covered 
with approximately 16 gage stainless steel. The top is 
welded to the framework. The sides and upper structure 
supporting the recording instruments are 0.5” plywood. 


Mechanical Drive 


The power is transmitted from a 7% hp AC variable 
speed motor by dual “B Section” V belts to a speed selector. 
From the speed selector, it is conveyed through V belts to 
a right angle drive with a 4:1 speed reduction. Because of 
availability, a standard automotive transmission was used 
i our assembly, Figure 2, as the speed selector. For the 
same reason, one-half of an automobile differential and 
rear axle provided a sturdy and convenient right angle 
drive, With these units a speed reduction ranging from 
vy 2 16:1 from motor speed is available.+ A modified 

ee hub is mounted on the top end of the axle shaft, 
reed the horizontal disk against which the friction 
ome Sapa The motor speed may be varied from 150- 
po _ conjunction with the speed selector and right 
icant sd disk speed from 9 to 750 rpm can be ob- 
bikin oe ith an average rubbing track radius of 3.71 
18 to legge to a surface rubbing speed from 
Siihece es eet per minute. This is equivalent to a car 

-6 to 46 mph with a 10 inch brake. 
es 
tAlternative units for the mechanical drive could consist of a standard 


peed j . ae . ° : 
speed — transmission, and a right angle worm drive 5:1 
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TABLE 1. CIRCUMFERENTIAL ROUGHNESS 
OF BRAKE DRUMS 
Conditions: Normal City Driving 
Left and Right Front Drums 
Roughness Avg. 
Range Roughness 
No. (microinch. (microinch. 
Car No. Mileage Observations rms) rms) 
P-1 0 a 40-60 51 
D-2 0 4 50-65 56 
$-3 0 5 4-15 8 
P-4 11 4 10-20 15 
P-4 50 a 14-18 16 
D-5 12,600 6 5- 9 7 
P-6 17,000 7 8-16 12 
P-7 27,000 5 7-13 11 
c-8 45,590 5 5-25 12 
P-9 65,000 6 6-11 8 
$-10 67,000 1 12-18 15 














Metal Rubbing Surface 


For the testing of brake linings, the friction disk is 
cast iron of the same composition as a brake drum, with a 
raised outer face where the sample rubs. This raised 
track is only slightly wider than the sample contact path, 
to provide easy refinishing before each test. The surface 
is finish ground in one of three ways: 

1. It may be ground in a concentric direction using a ro- 
tating table and surface grinder. Finish is 10-20 micro- 
inches roughness, rms, in a circumferential direction. 

2. It may be ground on a Blanchard grinder to provide a 
random pattern, with 10-20 microinches roughness. 

3. It may be superfinished to provide a random finish, with 
3-6 microinches roughness. 

For most tests, the first method of grinding is desired 
to duplicate the type of grind and average roughness of 
worn brake drums, as shown in Table 1. The roughness 
of worn brake drums in normal good condition varies from 
about 5 microinches to 25 microinches, with an average 
value of about 11 microinches. The drums measured came 
from a random sampling of Chrysler Corporation vehicles. 
From these results, it was deduced that a surface finish of 
10-20 microinches is a satisfactory roughness to employ 
for the testing of experimental brake linings. 
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Structure and Mechanical Drive Components. 


Figure 2. 
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Figure 3. Diagram of Load and Friction Forces. 

The cast iron surface can be generally used several times 
without refinishing, if it is cleansed with a solvent be- 
tween tests, and properly “run-in” with the next sample. 

Although this metal surface does not have the usual 
geometry of an automobile brake, i.e. a drum, results should 
be entirely comparable, and the greater ease of aligning 
the flat metal and friction material surfaces is an advant- 
age. 


Test Specimen 


A rectangular friction material specimen with a flat 
rubbing surface of %” x 1” was selected as suitable from 
the standpoint of providing a representative area of a 
heterogeneous material such as brake lining. Such a shape 
is easily prepared, and this rubbing area permits unit 
loading comparable to that in an automotive brake, with a 
reasonable power requirement. Using a small sample re- 
duces inertia effects in the friction force measuring system 
and helps maintain uniform, controlled pressure on the 
sample. The procedure of sampie preparation involves 
cutting and filing the test specimen to the required dimen- 


sions (0.5” x 1” + .005”), with a thickncss of about 0.2’. 


Figure 4. Strain Ring Circuit for Recording Force. 








7" 


One side of the sample is coated with Cyclewejq Cem, 
and then oven dried for twenty minutes at 1607 i 
then bonded to the metal mounting block in g Dregs » 
approximately 300 psi and 350°F. for twenty to forty ' 
utes. The block and sample is clamped to the Underside, 
the load beam of the friction apparatus. Approximate 
lelism and full area contact with the face of the metal g 
are produced by filing the sample in place, before 
ing the sample onto the metal disk and levelling the 
During the course of the test, a circular wear track 
duced on the metal disk. 


Loading 


The load is applied to the friction sample through a len’ 
system and weights according to the diagram, Figure 3, 

The beam pivots in the vertical plane on needle 
A level mounted on the beam provides for its adjustms) 
to an exactly horizontal position, using a levelling Screw | 
the left (pivot) end of the beam. i 

The load at the right end of the beam is applied throw 
a clevis pin assembly (of the type commonly used in pla 
form scales) at a specific distance from the specimen, wy 
with negligible friction. Five and ten pound Weights an 
loaded onto the pan supported by the weight rod. Due i! 
the lever distances, the resultant normal force applied, 
the sample is twice the total of weights, plus the weighty 
the beam and pan. 


Since the area of the sample is"% square inch, the wm 
loading (psi) is twice the normal force. With this» 
sembly, loads to 250 lbs. can be achieved. 
Frictional Force Measurement 


The frictional force, resulting from the turning of th! 
disk under the sample, tends to swing the beam in the sam 
direction as the disk moves. This force is restrained by;} 
dynamometer ring equipped with four SR-4 strain gags 
connected in a bridge circuit, Figures 3 and 4. This tp 
of circuit provides an output four times as great as $! 
possible with a single gage, and is also self-compensatity 
insofar as temperature is concerned. The ring was mak} 
by brazing two pieces of threaded rod onto an automotin} 
exhaust valve-seat insert. i 

The diagram in Figure 3 shows how the forces on th | 
beam are distributed in the horizontal plane when the dist 
is rotating against the specimen. The electrical outputd 
the strain gage ring is suitably amplified and recorded s 
pounds of frictional force on a modified Model 153X12Vi 
30N4 “Brown Recording Potentiometer” (See Figure 1). 4} 
6.3 volt transformer supplies voltage to the strain gat! 
circuit, and the signal, being AC, is fed directly into th 
recorder’s servoamplifier which drives the pen mot} 
Figure 4 shows the input circuit used with the stra 
gages. 

Before each test, and whenever the range of the fore 
recorder is changed, it is necessary to set the zero. hh} 
order to do this, all force must first be removed from th} 
ring by disconnecting it from the beam. The zero adjust 
ment or balance control is located on the rear of the char 
drive unit. Its function is to compensate for variations 2 
resistance of the strain gages. 

Four ranges have been made available in the forts | 


recorder: | 
Pounds Force, Resistance 
Full Scale Setting 
45 9999 
60 5595 
90 2975 
180 430 


The procedure for obtaining a given range is to set the 
recorder sensitivity resistance (R,, Figure 4), located @ 
the front panel, to the proper value as shown in Figure | 
and then adjust the recorder zero, as discussed above. 

To calibrate the force measuring system, a cable is ® 
tached to the center of the specimen clamp. This cable 
is attached by means of a clevis and passes over @ pulley i 
the same plane which is set in a bracket at the front edge 
the machine. The other end of the cable is attached 0! 
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THERMOCOUPLE SLIP RINGS 


Figure 5. (Left) Heater Assembly Below Cast Iron Friction Disk. Figure 6. (Right) Bottom 
View of Heater Assembly Showing Slip Rings for Temperature Measurement and Power Supply. 


weight rod and pan. Since the calibration procedure in- 
troduces the force at the same point that the frictional 
force is generated, no correction is necessary to compen- 
sate for the additional lever arm distance between the pivot 
and the strain ring. It has been shown by theory and by 
actual measurement that no error results from calibrating 
the ring in tension and using it in compression. 

During calibration, the friction between the disk and 
friction sample is minimized by placing two glass micro- 
scope slides, with a roller between them, under the beam 
at the sample location. The weight pan and rod on the end 
of the beam is removed to further reduce the weight and 
friction. Because the dynamometer ring is in tension 
rather than in compression during calibration, the polarity 
of the gage must be reversed. The effect of the weight on 
the cable and weight pan is eliminated by zeroing the 
recorder with the strain ring attached to the beam, after 
which the system is calibrated directly by adding weights 
to the pan. 

After load and frictional force have been measured, the 
“coefficient of friction” values are obtained with the usual 
formula: 


. sas F (frictional force, pounds) 
u (coefficient of friction) = — I . 


‘L (load, pounds) © 
Theoretically, this coefficient is independent of sliding 
contact area; however, in practice it is necessary to make 
tests with a uniform specimen contact area and load, to 
insure reproducibility. 


Heating 


During the operation of an automotive brake, frictional 
heat rapidly raises the temperature of the friction surface 
and drum until the frictional coefficient markedly decreases 
This temperature rise is simulated in the laboratory test 
equipment by heating the metal disk electrically by a 600 
watt Chromalox ring heater supported by a Maranite “A” 
disk. Figure 5 shows the top friction disk removed. Flat 
Inconel X springs hold the heater in contact with the 
friction disk. 

Power for the heater is transmitted through slip rings 
on the hub below the Maranite disk, Figure 6. It is 
hecessary to use gold wire to transmit the power from the 
slip rings to the heater in order to provide ductility and 
oxidation resistance. Experience has indicated that Mara- 
nite “A” is a suitable material to support and insulate the 
heater at the high temperatures encountered, although it 
Must be replaced at approximately six-month intervals. 

Heating rate is controlled with a Powerstat auto-trans- 
former. To provide different rates of heating the electrical 
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input is increased at the desired rate with a slow-speea 
motor and pulley arrangement. One satisfactory test cycle 
is obtained by driving the Powerstat through a 1:1.56 
pulley ratio with a one revolution per hour chart drive 
motor. The Powerstat shaft was lengthened in back so that 
a pulley could be attached. The chart drive pulley rotates 
the pulley on the Powerstat shaft through a woven steel 
cable. This assembly is mounted behind the control panel. 


Temperature Measurement 


The metal disk temperature is continuously indicated on 
a strip-chart recorder, calibrated for an iron-constantan 
thermocouple. Experiments have demonstrated that with 
non-metallic friction materials, placing a single thermo- 
couple within the friction sample is unsatisfactory because 
of the low thermal conductivity of such materials, and be- 
cause of variations in the distance of the thermocouple 
from the contact surface due to wear. 

A system was devised whereby the thermocouple is placed 
within the metal friction disk, Figure 5, and the EMF is 
picked up through silver graphalloy brushes running on 
silver slip rings. Figure 6 is the underside of the Maranite 
disk showing the slip ring assembly. To insure a con- 
tinuous low-resistance contact between the slip ring and 
brushes, three brushes are connected in parallel and ride 
on each slip ring. Silver is used for the slip rings because 
of its conductivity, and the low resistance of silver oxide 
which forms on the surface of the metal when it is heated. 
The diagram in Figure 7 shows the circuit. 

Because of the difference in temperature between points 
“A” and “B”, Figure 7, an error is developed in the 


Figure 7. Thermocouple Circuit for Temperature Recording. 











thermocouple EMF fed to the recorder. Calibration has 
shown, however, that this is constant, for a given tempera- 
ture, and a correction can be established. 

The recorder contains an electrical relay which shuts off 
the disk electrical heater when a predetermined tempera- 
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range of conditions. Although the final evaluation 
materials must be made on a full-scale part, eg, g 
test for automotive parts, rapid small-scale laborate, 
screening is essential. " 


The design, construction and operation of a lahenlt 
test apparatus has been described which was used SUCteg 
fully to measure the friction characteristics of Wi 
variety of materials rubbing against an iron or Steel gy 
face. Conditions of rubbing speed, temperature, load ay! 
surface condition can be varied over an extremely Wik! 

In order to indicate the relative wear of different brake range. Continuous measurements of speed, temperaty, 
lining specimens, measurements are made during the stand- load, friction, wear and scoring can be made. 4 yy 
ard test procedures. The thickness of the specimen is variety of test cycles are available to provide either a sin | 
measured with a dial indicator which is supported on the plified representation of actual automotive brake eq} 
load beam, with the indicating point pressed against the ditions, or to provide fundamental information on | 


ture has been reached. With this control, friction measure- 
ments can be made at a relatively constant, elevated tem- 
perature. 


Wear 











. : cart T 
cast iron wear track surface. Expansion of the brake effect of a single variable. 
lining material produced by the high temperatures of test 
causes a progressive error in reading. The thermal ex- ———$—$ ————______ 
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Instrument Maintenance Requirements 


How Much Instrument Maintenance? 


AN ANALYSIS OF INSTRUMENT MAINTENANCE 
needs is of vital importance to a process firm interested 
in protecting its capital investment in instrumentation. 
In evaluating the following recommendations, however, it 
should be borne in mind that they are merely approxima- 
tions since no absolute rules can be formulated which will 
pertain to all circumstances in all plants. 


PLANTS WITH LESS THAN 25 INSTRUMENTS 


Under certain conditions, the instrumentation of a plant 
can be adequately maintained and serviced without the 
fulltime attention of an instrument man. Such would be 
the case in a plant with fewer than 25 instruments, not 
counting simple temperature or pressure indicators. In 
such a plant it would be economically impractical to em- 
ploy a full-time instrument man. Instead, arrangements 
can be made with the instrument company that supplied 
the instruments to give periodic attention under a service 
agreement. 

To supplement agreement service, there should be one 
man in the plant who has sufficient knowledge of the in- 
struments being used to take care of them in an emergency. 
Such training is often given to one of the plant engineers 
or maintenance men by the instrument manufacturer. 

Except for a few spare parts recommended by the manu- 
facturer to take care of instrument mechanisms that are 
most likely to need replacement, no stock need be main- 
tained. This is one of the advantages of having service 
performed under an agreement. The spare parts inventory 
is considerably reduced, and there is no need for a special 
instrument shop or equipment. 

A certain amount of clerical work—no more than would 
be necessary in any inventory of equipment—will be neces- 
sary. A good filing system should be set up so that bulle- 
tins on instruments, installation and maintenance instruc- 
tions, and a listing of all major repair work done on each 
Instrument will be readily available. Some plants devote a 
separate file cabinet to this reference material, using it 
also for storing quantities of recorder charts and for filing 
completed chart records. The cabinet should be in a dry 
location, such as the plant office, to prevent moisture from 
damaging the new charts and to preserve the legibility of 
chart records. 


PLANTS WITH MORE THAN 25 INSTRUMENTS 


i number of instruments in a plant is from 25 to 200, 
© general practice is to have trained personnel available 
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to service them. A rule of thumb is one man for each 
one hundred instruments, again not counting pressure 
gages. This would definitely apply if approximately 75 
per cent of the instruments counted are controllers of some 
type. However, the ratio of instrument men to number of 
instruments will vary according to plant conditions. If 
instruments are in extremely dusty or corrosive atmos- 
pheres, they may require more attention than their counter- 
parts in a cleaner process. 

In selecting personnel for instrument maintenance work, 
the individuals’ qualifications will depend on the types 
and variety of instruments installed. It is preferable to 
select a man with mechanical ability and at least a high 
school education. Additional training is, of course, de- 
sirable. Many colleges and universities offer night courses 
which contribute to a general understanding of the in- 
strument field. Trade and vocational schools offer specific 
instrument courses. 

The instrument manufacturers have done much to help 
instrument users cope with maintenance problems. Not 
only do they provide instruction sheets in sufficient detail 
to cover the great majority of instrument troubles, but 
many provide basic and specialized instruction courses for 
user personnel. 


WHEN SHOULD WE HAVE AN INSTRUMENT SHOP? 


It is often asked, “At what point should the establish- 
ment of an in-plant instrument shop be considered?” 
Here, as with the matter of manpower requirements, there 
are several variables to weigh. Among them are the num- 
ber and types of instruments, the availability of space for 
a shop, the number of spare parts to be stocked and the 
number of instrument men needed. 

The size of the shop will be strongly influenced by the 
number of instruments in the plant. While it is not an 
inflexible rule, % square foot per instrument is a good 
average to consider, providing the other factors mentioned 
are also evaluated in the ultimate assignment of space. 

Not only should the instrument shop be a separate room 
but it should also be capable of being locked. Instrument 
shop equipment and spare parts stock do not represent an 
unusually large investment, yet its importance cannot be 
minimized. Should there be an emergency where a 
process must be shut down until an instrument can be 
repaired and put back to work, it is essential that all the 
shop tools be available and not “on loan.” 
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Lighting is also important. 
strument shop is in the watchmaker’s category, but there 
are enough detailed operations to warrant special atten- 


Not all the work in an in- 


tion to lighting. Even the heavier instrumentation such 
as control valves and cylinders can sometimes present 
intricate repair problems that require a well lighted work 
area. 

It is certainly true that efficient repair work can only be 
done if the proper tools are provided. While the entire 
range and types of tools required will probably not be 
known until after the shop has been established, there are 
certain basic tools that are indispensable. In addition to 
the so-called special tools, there will be need for various 
size screw drivers, pliers, open-end and adjustable wrenches. 
Jewelers’ screw drivers and right-angle screw-drivers will 
prove useful, as will other odd-sized tools not commonly 
found in an ordinary tool kit. 


Standards 


A plant that needs an instrument shop and one or more 
full-time instrument men also needs good reference stand- 
ards. Yet, through lack of understanding and knowledge of 
their importance, standards have, in many instances, been 
neglected. One misconception which has persisted over the 
years is that a glass stem thermometer should be accepted 
per se as accurate, to the point where it has sometimes 
been trusted over the more expensive and better constructed 
recording thermometer. As unreasonable as this may seem, 
the impression has been difficult to correct. This is not 
to imply that a glass thermometer cannot be used as a 
standard, but to caution against its use unless the U. S. 
Bureau of Standards has certified it with corrections as a 
shop calibration standard. 

The types of standards needed in a shop depend, of 
course, on the types of instruments to be maintained. If 
there are many mercury manometer type flow meters or 
differential pressure instruments, a water column is neces- 
sary. For pressure instruments a dead-weight tester or 
specially made test gauges will be needed to cover the 
ranges of instruments being used. 

In listing instruments preparatory to aeciding on the 
standards needed, the accuracy of calibration required for 
each should also be noted. These requirements are apt to 
vary from plant to plant and from process to process within 
the same plant. It may not be deemed necessary for a 
particular instrument on a process to be highly accurate 
as long as it is repeatable. Still other processes may re- 
quire accuracy that is within or better than that stated by 
the instrument manufacturer. Once the degree of accuracy 
needed has been defined, standards can be acquired to meet 
these needs. It is interesting to note that the industries 
that are most dependent on instrumentation have found the 
greatest need for accuracy. Finding it desirable to stand- 
ardize on certain process temperatures, pressures, etc., 
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that will affect the product, these industries have leanet 
toward greater accuracy so that exact measurements can} 
communicated and compared. 

Economics are always a factor to consider. It may 
that calibrating at five or more points of an instrumy 
scale to achieve an even greater accuracy than the manufy 
turer guarantees will cost the plant more instrument majp | 
tenance time than it is worth. Conversely, a single poig | 
check is practically worthless and again represents waste | 
time. Economizing on standards, either by purchasing ine 
pensive ones or using home-made rigs, should not be «| 
tempted. 

The care that should be given to standards cannot k 
overemphasized. They should never be used for anythin 
other than standards. For instance, the test gages shoul 
never replace defective production gages unless they are» 
longer to serve as standards. It is a good idea whenever 
possible to follow the procedure of the instrument manufac | 
turers who check their working standards against referent 
standards which are, of course, capable of greater # 
curacy than the calibration standards that are used daily 
at the benches. 


Spare Parts 


It is difficult to generalize on the quantities and types 0 
parts which should be stocked in an instrument shop. | 
Similar plants may have entirely different spare parts fe 
quirements. Not only should types of instruments be care 
fully inventoried prior to ordering stock, but notes should 
be made of any that are installed in locations where they | 
are susceptible to damage or any whose malfunction coul 
cause process shutdown. Helpful, too, in such an appraisal 
are notes on shelf life of the parts in question and tim 
involved in placing parts orders and obtaining delivery 
from the manufacturer. With this information available, | 
an approximation can be made. However, any such est | 
mate can be only approximate since even the most & 





perienced instrument man cannot foresee the exact Dum 
ber of replacement parts which will be necessary. j | 


With only 25-200 instruments to be maintained, it wit 
probably be less expensive to stock complete subassemblies 
rather than individual parts. Certainly there should be ™ 
attempt to repair subassemblies, since personnel and facil 
ities are definitely limited. For instance, the repair ot 
an amplifier for an electronic instrument or a pneumatlt 
control mechanism would be inadvisable. It is a differett 
matter with a plant that uses large numbers of inst 
ments or a plant that is far removed from sources of 
supply. These may find it economically feasible to repall 
broken parts. 


Shop Records 


The transition from part time instrument man to the full 
time staff and shop status also presents the need for bet 
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There will be demand for more information on 
‘actruments, not only how to maintain them, but how to 
-_— and repair them. Instead of the single file envelope 
een ing the instrument and its use and containing 
pone all major repairs to that instrument, it may now 
oa more helpful to work out a method of cross- 
a a The main file can consist of the envelopes con- 
taining repair data and complete instrument identification. 
4 card file can provide cross reference according to in- 
‘irument location in the plant so that, using either the 
name of the instrument or its location, an instrument man 


can obtain the data he needs. 


PLANT WITH MORE THAN 200 INSTRUMENTS 


As the number of instruments in a plant increases be- 
yond 200, the increased work load will place new demands 
on the instrument maintenance men, the shop, the equip- 
ment and the stock. Following the estimate of one man 
for each hundred instruments, there will undoubtedly be 
need for additional instrument men as more units are 
added. The shop may be expanded; more tools and equip- 
ment added. Certainly a new bench setup will be required 
to accommodate the extra man and with it, the need for 
additional service outlets, cabinets, etc., will be felt. More 
tools will be required; more parts will have to be stocked 
to care for the added instruments. If it wasn’t done when 
the shop was first established, now would be the time to 
gather any separate files and other clerical aids and cen- 
tralize them in the shop. The instrument men can make 
good use of process flow diagrams maintained in shop 
reference files. 

Training becomes increasingly important as the mainte- 
nance function grows. With two instrument men on the 
job, one should be given responsibility for instrument 
maintenance. Each should be encouraged to enlarge the 
scope of his knowledge. In addition to the general courses 
given by instrument manufacturers, it may be desirable for 
them to take some advanced work so that they will be 
able to service instruments more capably and become bet- 
ter acquainted with those phases of instrumentation an- 
ticipated for use in the plant. Such training will also 
enable them to suggest ways in which instruments can 
be of better service to the plant. 


records. 


PLANTS WITH MORE THAN 500 INSTRUMENTS 


Shop facilities and personnel face greater loads as the 
number of instruments increases to 500 and up to 1000. 
Beyond the 500 point, one of the instrument men should be 
designated shop supervisor. Further, an experienced in- 
strument technician or a graduate engineer may be as- 
signed as instrument engineer. It is his function to co- 
ordinate instrument application and maintenance with 
production requirements. 

A separate office section may now be needed and a larger 

shop warranted. Additions to shop equipment could in- 
clude power tools such as electric hand drills, a grinding 
wheel, bench power drill and possibly a metal turning 
bench lathe. Stock requirements will also increase, as will 
the need for clerical equipment such as desks, chairs, and 
filing cabinets. 
_ It may now be found advisable to institute some form of 
in-plant training program for the instrument men. Such 
a program might include such subjects as mathematics, 
basic physics, and electricity. What subjects are taught 
and how much time is allotted to each will be influenced 
by the types of instruments in the plant and their appli- 
cations. 

The approach to such an in-plant program might well 
take the task of training instrument men to analyze each 
maintenance problem as a whole rather than confine their 
attention solely to the suspected instruments. The instru- 
Ments themselves account for only a small portion of the 
troubles encountered by instrument maintenance people. 
The other causes are improper application, errors in judg- 
— operating errors, improper use or understanding of 
ustruments, and miscellaneous factors some perhaps as 
simple as forgetting to turn on a switch. Therefore a pro- 
— concentrated on instrument components and operat- 
ng details will enable a man to handle only a small part 
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Typical of modern instrument shops is this clean, well- 
lighted department at the Buffalo Refinery of Socony- 
Vacuum Oil Company, Buffalo, N. Y. Note the ample space, 
uncrowded benches, the electric and pneumatic outlets con- 
veniently located throughout the shop, and the standards 
for pressure and flow instruments on bench at right. 


of the job, whereas training that covers the broad field of 
instrumentation and processing promotes understanding of 
the complete maintenance picture. 


PLANTS WITH MORE THAN 1000 INSTRUMENTS 


With more than 1000 instruments to care for, the main- 
tenance group—now operating a full-fledged shop—can be- 
gin to specialize, dividing the work into electrical, mechani- 
cal and hydro-pneumatic with a section of the shop devoted 
to each. It may now be economically sound to repair 
subassemblies rather than discard them and replace with 
spares. Equipment needs will intensify. Stock will be 
required in larger quantities and varieties. The clerical 
load will become a problem and it may be necessary to 
appoint a full time assistant to relieve the supervisor of 
these chores. Finally, training will take on increased 
significance, particularly in light of specialization by the 
various instrument maintenance men. 

It must be remembered that these observations are not 
hard and fast rules for handling instrument maintenance 
but are intended as a general discussion of factors to con- 
sider. Although they are based on actual experiences of 
instrument users, the various recommendations must be 
interpreted in the light of actual conditions existing in 
each plant. 
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Precision Plus Power. U]ltra-fast acceler. | 
tion and deceleration for precision contro 
are features of The Teller Co. simplified 
control system. The specially designed 
step motor combines ability to precisely 
Continuous Quality Control. This mass control displacement and also produce 
spectrometer continuously analyses gases power todo so. Amplifier directs step mo 
produced in a high-vacuum furnace and tor through tape or punched cards for com 
controls progress of processing of special pletely automatic multiple operations with | 
alloys. Installed at G.E.’s Detroit plant, out feedback. Now used on welding op 
the unit was custom-built by Consolidated erations, lathes, milling machines ond . 
Electrodynamics Corp. This application is other machine tools. 


typical cf the growing use of continuous | 
chemical analysis for all types indusiric:: 
cperations. 





Digitizer Kits. Coleman Engineer 
ing now offers a unit which can be 
installed on Minneapolis-Honey- 
well recorders for conversion @ 
received analog data into digital 
form. Signals for temperatule, 
pressure, voltage, strain, me 
others can be converted for recote 
ing on Clary Printers, punched 
cards and perforated tape me 
chines. Complete parts and it 
structions are supplied with the 
assembly. 
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Modulation. Control of cooling 
water temperature on this Lind- 
berg continuous conveyor furnace 
was a problem. Designed for braz- 
ing, sintering and annealing, final 
operations require cooling of proc- 

parts from 2000°F down to 
400°F. Powers Regulator Co. self- 
operated temperature controllers 
replaced old controls. Now, mod- 
ulated cooling water flow with a 
self contained controller contin- 
uously maintains the desired tem- 


perature. 








: Throw Away The Slide Rule. Now we 
celero- have a pocket size computer. Utility Sup- 























control ply Company of Chicago, distributors of 
plified the Curta Calculator, claim that it will add, 
signed subtract, multiply, divide, extract square 
acisely | roots and cube roots, and solve equations. 
roduce | An audience of office machine dealers 
Sp mo | were apparently convinced by the per- 
T com- formance of two school children using the 
$ with- calculator. 

ng Op 

3 and 

neer: 

=| 

yney: Thermistor Plug-In Controller. A view of 

n of the compact plug-in central unit and 

gital power supply chassis of the Fenwal Inc. 

ture, new thermistor-actuated temperature con- 

and troller. Primary element is ceramic semi- 

sord- | conductor using No. 14 code two-wire con- 

shed ductor leads. Up to 100 central units may 

md- be plugged into single power chassis for 

| in multi-point control. Set point adjustment 

the may be located on controller, power 





chassis or remotely. 
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This survey of 1119 courses offered by 65 engineering colleges typifies graduate andun- | F 
dergraduate instruction available in the field of instrumentation and automatic control, 

™ * 

Instrument Courses in U. S. Colleges | | 

by: W.E. Belcher, Jr. and J. C. Melcher* % 





THE ISA HAS BEEN ASKED, in many ways, to supply DISTRIBUTION OF COURSES F 
specific information about college training in the field of 
instrumentation and automatic control. The ISA Educa- 
tion Committee presented a general discussion of this sub- 
ject in 1954. Since that time the demand for information 
has increased considerably. From the employer come such 
questions as: What colleges in my area offer men with 
training in instrumentation? or, What branches of engi- 
neering offer the best training for instruments and auto- 
matic control? From the family with a son entering col- 
lege come such questions as: Where should I send my son 
to college if he wishes to obtain formal training in instru- 
mentation and control? What kind of curriculum should 
he follow in order to get the most from this study? Can 
he obtain some of this at the undergraduate level or must 
he take graduate work? 

This report is an up-to-date revision of the original paper 
which we hope will offer some useful information in answer 
to these questions. 

It is limited to 20 of the largest engineering schools and 
45 random selected smaller engineering colleges accredited 


It was found that 498 of the 1119 courses surveyed ca} fF 
within the more specific areas of subject matter related » 
instrumentation and control. This shows that more thy 
half of the courses cover a wide variety of fields and ay 
only incidentally related to the instrument field, Th | 
498 courses of real benefit to instrument and control te.) — L 
nology appear to be taught in five major areas as show 4 
in Table 1. Virtually all the 65 schools offered a course jy - 
each area with most schools offering several courses. ' 

It is informative to discuss these frequently encounters { 
courses for two reasons. First, there is a common funés | 
mental characteristic in teaching measurement and contr) | 
regardless of the method or technique used. Secondly, itis | 
found that these courses occur almost entirely within th | 
disciplines which we most naturally associate with instm | | 
mentation, measurement, and control. The most likely 
place to find an instrument course is in the Electrica 
Engineering field as shown in Table 2. 

This table indicates not only the degree to which school | 


by E. C. P. D. All engineering courses listed in catalogs 
of these institutions were reviewed and used in this survey. 
Compilation is based solely upon review of these catalog 
course descriptions by seven different members of the ISA 
Education Committee. While these are limiting factors, 
the report bears a high degree of uniformity having been 
finally interpreted by one person who also double checked 


the catalog listing. 


*Mr. Melcher of Leeds & Northrup Co., and Mr. Belcher of Minneapolis- 
Honeywell Regulator Co. are coauthors of ISA Paper 54-10-2 which details 


an earlier report on this subject. 





TABLE | 





Distribution of 1119 courses according to subject and percentage of 
65 institutions offering such courses: 





Distribution Percentage of 











Frequently Encountered of Courses 65 Schools 
Course Titles by Title Offering Courses 
Electrical Measurements 116 89% 
Instrument Analysis 109 80% 
Servomechanism and Feedback Systems 104 78% 
Process Instruments and Controls 95 15% 
Industrial Electronics and Control 14 65% 
Other titles 621 _ 
TABLE Il 





Breakdown of 498 Frequently Encountered Courses by Administer- 
ing Department and Distribution by Title Within the Department: 











Department | Number of Number of Courses in Five Major Areas 
Goasete Elec. Inst. Servo G Process Indus. 
Offered IMeas. Anal. Feedb’k Insts. Elec. 
Elec. Eng. 250 75 i 90 14 71 
Chemistry 80 _ 78 — 2 _ 
Physics 62 41 16 — 2 3 
Chem. Eng. 46 — 3 —_ 43 — 
Mech. Eng. 36 _— — a 32 — 
Other Depts. 24 _ 12 10 2 os 
Total 498 116 109 104 95 74 
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teach the fundamentals of instrumentation and control, | 
but also the awareness which the departments in each ip | 
stitution have for the general subject. 

In any given university where there appears to be an w 
usual awareness of the subject matter of instrumentation, 
it is almost always traceable to one or more faculty mem 
bers with a particular interest in the subject. 

Electrical Measurements is a mainstay in both Electrical 
Engineering and Physics. As such, it is probably available 
to most undergraduates. Instrumental Analysis, on the 
other hand, is handled largely by the Chemistry Depart ; 
ment. The nature of the course is chiefly physical. Process 
Instrumentation and Control is the only course which we 
found spread very widely among the likely departments. 
We hope this is because there is an increasing awarenes 
of industrial needs for instrumentation among college 








faculties. 
entirely an Electrical Engineer’s course. 
Table 3 provides the basic data obtained in this survey. 


On the left is listed the schools covered according to majot | 


geographical areas. The number of courses offered in the 
field of instruments are shown. Following across the page 
are three major columns which show the distribution o 
these courses according to basic subjects, administering 
department, and level of study. 


SUMMARY 


It is the plan of the Education Committee to make 4 
further study of college courses in instrumentation based, 
not upon catalog information, but upon direct informatio 
from the schools concerning subject matter. 

The authors feel that every college will be interested 
supplying us with more accurate information for three 
reasons: 1. So that they, in turn, can profit by the general 
information developed and thereby improve their 0W 
courses. 2. So that their own institution can be fully and 
accurately reported in subsequent publications. 3. So that 
prospective students and employers will be able to evaluate 
reasonably well the measurement and control fundamen? 
offered by the school. 
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Industrial Electronics and Control is almost | 
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External Strain-Gage Instrumentation 


' 


| 
| 


at Transient Elevated Temperatures 


by Irving Sherlock and Robert C. Geiger 


Instrumentation Research Engineer and Structural Research Engineer 


Northrop Aircraft, Inc., Hawthorne, Californig 


This article contains (1) a brief discussion of the problems en- 
countered; (2) developed method of installation; (3) discussion and 
description of circuit requirements, calibration and temperature com- 
pensation; and (4) a discussion of the characteristics of etched foil 
strain gages for use during transient temperatures to 500° Fahrenheit. 


AS A RESULT OF HIGHER SPEEDS, today’s aircraft 
designers face problems of combined load and temperature 
effects on structural design. The temperature effects in- 
clude transient and sustained elevated temperatures re- 
sulting from aerodynamic heating at speeds of Mach 2 
and above. 

To simulate aerodynamic heating, several agencies have 
made studies of various methods of heating, including the 
use of quartz crystal infrared lamps as the heat source. 
During the following investigation the quartz crystal lamps 
were used exclusively. 

Initial investigations have been, for the most part, upon 
built-up structures instrumented internally. However, in 
the course of a recent development program, Northrop Air- 
craft, Inc. has had to develop external instrumentation to 
obtain test data from an aluminum honeycomb structure 
with .05l-inch skins of 75ST aluminum alloy and Epon 422 
adhesive bonding. The thermal requirements for the tests 
were to attain temperatures of 500° F at a transient rate of 





*Paper on this subject presented by Mr. 
of "Society for Experimental Stre 
Los Angeles Section of ISA. 


Geiger before Los Angeles Chapter 
Aanlysis'’ and by Mr. Sherlock before 
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30 degrees per second. Internal instrumentation was quick 


| 


ly ruled out for use with a honeycomb bonded structure be | 


cause of the high probability of bond contamination. 


Description of Gages 


The strain gages investigated during these tests were all 
manufactured by Baldwin-Lima-Hamilton Corp. of Eddy- 
stone, N. J. They are identified as EBDF-7D (minus), 
Nichrome V foil and Advance foil gages. 

The EBDF-7D (minus) is a Bakelite base gage utiliz 
ing a fine wire grid of nickel and conper-nickel (Advance) 
wires, the lengths being so proportioned that the totad 
change in resistance with temperature is very nearly equal 
and opposite the thermal expansion of aluminum from —il 
to +300 degrees Fahrenheit. Thus, such a gage mounted 
on aluminum will have practically no signal output due 
to thermal heating. The actual average calibration curve 
is shown in Figure 1 as a solid line. 

The foil gages are a new type recently developed ly 
Baldwin-Lima-Hamilton and put on the market on an & 
perimental basis only. No guarantee for their performance 
is assured. These gages are photochemieally etched from 
sheets of .0005-inch thick foil of these various materials: 


Nichrome, Nichrome V or Advance alloys and placed on4 | 


rubberized plastic backing. Two types of gages were used 
and are shown in Figure 2, with the Nichrome V 60-0hm 
gage on the right, and the Advance 120-ohm gage on the 
left. These gages are installed with high-temperature 
ceramic cements furnished by the manufacturer. Th 
cement used for these tests is recommended by the matt 
facturer for use up to 700° Fahrenheit and is designated 
RX-1. An initial disadvantage of the foil type gages Wa 
the difficulty of removing the backing during installation 
It was found by experimentation, however, that after plat 
ing the gage face down in wet cement, heating the installe 
tion at approximately 150° F for 10 minutes, caused the 
cement to set up and the backing to soften. The backing 
was then easily removed with pick and tweezers. 

The fragility of the gages requires the use of a light 
flexible tead that will not form a thermocouple juncti 


Figure 1. SR-4 Type EBDF-7D (Minus) Strain Gages 
75S-T6 Aluminum, at Stabilized Oven Temperatures. Single 
Active Gage Bridges. 
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be spot welded to the gage to eliminate the use of 
The high resistance, 4 to 5 ohms per foot, of the 
jead ribbon requires short lengths to be attached to copper 
| Jeads at the nearest point beyond the high temperature 
| grea. The ribbon leads are insulated by a flexible non- 
fraying glass-fiber tubing. 
Temperature Measurement 

To measure surface temperatures iron-constantan ther- 
mocouple wire, sizes 24 to 30 suitable to 900° F, were re- 
sistance welded to the test surface. Resistance-welding to 
75ST aluminum is always difficult at best but it eliminates 
most of the disadvantages of the other types of installa- 
and such welds are easily repaired in the event of 


and can 
solder. 


o 


tions, 
x their failure. 
‘eS Two layers of Fiberglass tubing were used to shield the 
junction and at least one inch of the thermocouple wire. 


The errors obtained with this installation method and 30- 
gage thermocouple wire are within the accuracy of the 
Geiger reading equipment used, i.e., +2 or 3 per cent. This error Figure 2. Etched-Foil Strain Gages, Nichrome V 60-Ohm 
. takes into account variations of each wire batch, record- Gage on Left, Advance 120-Ohm Gage on Right. 
ing, reading and reduction errors. 





































































Ungineer 2 
Bakelite EBDF-7D Gages 
alifornig | A test of the EBDF-7D gages in an oven at stabilized ts 
' temperatures showed that slightly greater spread in the AMA 
calibration curve was obtained than in the B.L.H. guar- 
anteed curve, although this spread was in the more closely 's 
compensated direction as shown in Figure 1. Above 350 tw _ oneal 
Fahrenheit the gages are completely unpredictable in that Re INPUT 
the strain error may go either positive or negative and a 
| when wired into a compensating bridge and exposed to 's 
i radiant heating, the error compounds itself. In addition, : 
I the frequency of bond failures increased rapidly with the 
number of heating cycles so that approximately 80 per cent 
failures occur within 10 cycles of heating to 500° F. Rg Rs 
S quick- Nichrome V Foil-Type Gage 
ture be Initial tests with the Nichrome V foil gage showed an 
° i extremely high thermal output, which could be compen- 
sated for by mounting a compensating gage on the test 'e 
specimen at a right angle to the active gage. This installa- 
— tion is practical however, only in a unilateral stress field P ; 
t Rady. and not on a structural test specimen where the stresses 7 
nina are omnidirectional. When the dummy or compensating 
" gage was mounted on a separate tab of the specimen ma- 
, utilis terial and attached by means of a sheet metal screw along- 
sven side the active gage, large strain errors were recorded when i! i 
e tes radiantly heated. This error was due to the small plate 4 
7 al heating more rapidly to a higher temperature than the skin : . 
uae of the specimen. Tests indicated increases of as much as igure 8. _ Sebenetie orem 2 ag ecg te ee 
an 50° F above skin temperature and temperature drops of SS CO a 
ot 10 to 20° F were observed across the active gage. , 
1 curre Circuits ° | 
Because of the high resistance of the Nichrome ribbon, ! 
ped by used to facilitate wiring and eliminate any possible ther- -* 
an el mocouple effects produced by heating, a three-wire circuit 7 ‘ 
rmance of Figure 3 was used for a single active gage bridge. This Re of NOTE: 
d from circuit compensates for the change in lead resistance due re Ri ACTIVE GAGE 
terials: to heating, provided the three leads are subject to the same e R2 COMPENSATING GAGE 
d on a temperature changes. \ R3,Rq BALANCE RESISTORS 
re used Temperature compensation of a gage is accomplished by D Ndaeic dene arginine * 
: : > ; ‘ fe BALANCE LIMIT RESISTANCE 
60-ohm installing a compensating gage on an unstrained piece of f> BRIDGE BALANCE 
on the the Same metal and wiring the bridge circuit, shown in ” POTENTIOMETER 
erature Figure 4. The common gage lead is attached to power and r Rc CALIBRATION RESISTANCE 
‘The the two independent leads to signal. It should be noted ‘s , Resistance 
manu: that the bridge balancing potentiometer is in the signal 
gnated circuit rather than the power circuit as generally installed. B 4 
es was This is necessary to prevent unbalance in the bridge be- 
lation. cause of resistance changes in the common lead as it is 
r plac: heated. 
istalla: Calibration Sureur 
ed the Ordinarily, strain gage calibration is a simple and 
acking straight-forward calculation of R to simulate the resistance 
tight —— of the strain gage and substituting these values into 
adil e definition of gage factor, K. ’ 
where R =—Gage resistance 
vuole K _ 4R/R AR =Change in gage resistance due to strain 
~ AL/L, and AL/L =Strain in inches per inch. Figure 4. Schematic Diagram of Compensated Strain-Gage 


Circuit. 
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oe? R. (R, + R;) 
is given by Ry, RoR +R, 


Figure 5. Thermal Response of Nichrome V_ Foil-Type 
Strain Gages at Stabilized Oven Temperatures. A. Single 


Gage Mounted on Asbestos Board; B. Single Gage Mounted The total resistance between AB when R’, is applied js: 
on 75S-T6 Aluminum; C. Compensated Bridge Mounted on 
768-T6 Aluminum. R’ R,R’. | , Where R, = gage resistance 
3 _ - in a 
a 2s R,; = total resistance of gage 
‘ . . , ; = leads 2r; 
Applying a calibrating resistor at CD in Figure 4 would R. = calibrating resistance 
produce a calibration as given by Equation 2, R’. = equivalent calibrating resistance. | 
_ i... am —_ For the same equivalent strain, Raz = R’,p, 
AL/L = = ' 
K (R, + R.) R, = R, (R,R.—R,R,—R;,)* | 
: ; ; : Solving for R’. R’, = “Ts th 
Applying a calibrating resistance, R. at AB in Figure 4 (i, -> its) i 
is not equivalent to application of R,. at CD. This is due to Finding the equivalent strain of calibrating resistor 
iR drops in the lead wire resistance, r;. r; amounts to R’., across gage R,, using Equation (2) 
about 10°, of the gage resistance, R,. Consequently, a cali- = (R. + R.)? 
brating resistance at CD would indicate less strain than the AL/L = KR: RRO i 
same resistance at AB. (R, + RR; + RR.) 
To correctly calibrate the bridge circuit, <n equivalent Strain Temperature-Coefficient Tests 
calibrating resistance, R’., whose effect at CD is equivalent A strain gage when mounted on aluminum is affected by 
to R, applied at AB, must be calculated. ; several factors when heated. There is the change in gage 
The total resistance between AB, R,y, when R, is applied, electrical resistance due to hedting, and the thermal expat 
AR sion of the gage material and mounting cement in addition 


to the thermal expansion of the aluminum surface. These 
factors should all be of very nearly the same value in two 
gages of the same configuration and material if both are 
heated at the same rate. In actual use under transient 
Figure 6. Exploded View of Typical Foil Strain-Gage In- conditions the strain gage on a test specimen will also 


Therefore strain, AL/ = +5 
KR 





stallation record thermal strain due to differential heating of the skin 
and structure. It is the value of this strain, sometimes of 
small order, that is usually desired by the structures er 

CLOTH ~ 


gineer. i 


Figure 8. View of Typical Test Panel Showing Gage Bond 
Failure Due to Thermal Shock. 
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i 9. Thermal Response 
Fo ndvance 120-Ohm_ Foil- 
Type Strain Gages at Stabil- 
ized Oven Temperatures. / 
Single Gage Mounted on As- 
bestos Board; B. Single Gage 
Mounted on 75S-T6 Alum- 
inum; ©. Compensated 
Bridge Mounted on 75S-T6 


Aluminum. 


In order to determine to what degree a temperature 
difference between the active gage and the compensating 
gage affected the strain output of a bridge circuit, tests 
were begun to determine the indicated strain error per 
- on V gage is installed on a non-stressing sur- 
face such as fibrous asbestos, any apparent strain signal 
measured from a single gage circuit will be due to the 
thermal change in the gage and cement alone. An in- 
dividual gage mounted on an aluminum plate and heated, 
will also indicate the thermal expansion of the aluminum 
asa strain error. If a compensating gage is mounted on a 
small plate of the same material as the specimen on which 
the active gage is mounted, and if the two are wired into 
a compensated bridge circuit and are heated equally, then 
the output of the two gages will cancel each other and the 
bridge will remain in balance. 

Several such tests were set up. Measurements were 
taken of the outputs of single gages mounted on asbestos 
and on aluminum, and also of compensated gages mounted 
on aluminum, while the specimens were subjected to 
stabilized elevated temperatures. The results of the tests 
are shown in Figure 5 with solid lines as the mean values 
obtained and dotted lines showing the spread. The slight 
signal measured from the compensated gages obviously was 
due to the difference in response between the active and 
dummy gages. Gages which were used in a compensating 
circuit were always chosen so that the difference in room- 
temperature resistance was 0.4 ohm maximum. 

Thus, from Figure 5, the strain error-temperature co- 
efficient of the gage alone was determined to be +17 micro- 
inches per inch per degree Fahrenheit and +28 micro- 
inches per inch per degree Fahrenheit when mounted on 
$-T6 aluminum. This error of 28 microinches per inch 
degree could very easily obscure the lower strain values and 
therefore necessarily had to be reduced. 


Shielding 


The most promising method of reducing the temperature 
difference between active and compensating gages was 
found to be shielding the gages with fibrous-glass cloth. 
By individually covering the gages as shown in Figure 6, 
the strain error output was reduced to approximately 600 
microinches per inch, as shown graphically in Figure 7. 
Temperature differences between the active gages and the 
compensating gages were reduced to a maximum of 20° F in 
Most cases. Occasionally, however, a bridge indicated a 
greater strain error than the temperature differences be- 
tween active gages and compensating gages could account 

The gages were alike in every respect (not more 

than 0.4 ohm resistance difference), and lead lengths were 

Same; therefore, attention was turned to the bonding 
Material, RX-1 cement. 
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The initial investigation, consisting of measurements of 
resistance across cement, indicated that this resistance de- 
creased with increasing humidity and temperature. Dur- 
ing a radiant transient-heat test at a heat-rate of 30 degrees 
per second, the resistance dropped from 2 megohms to 
20,000 ohms while the specimen was being heated to 500° F. 
Excessive strain output of a compensated circuit is due 
to the different rates of change of resistances of the cement 
when not thoroughly dried out. 

Because of the hygroscopic nature of the RX-1 cement, 
it is necessary to ensure that all moisture is driven out be- 
fore attempting to run tests at high temperatures. Cycling 
three or four times at low heat rates (5 to 10 degrees per 
second), bringing the specimen to successively higher ulti- 
mate temperatures until 300° F is attained, has been found 
satisfactory for this purpose. Thermal shock of incom- 
pletely cured cement will cause the cement to lose its bond 
with the specimen, resulting in almost 100 per cent failure, 
Figure 8. 


Advance Foil Gages 

As previously mentioned, a possible means of eliminating 
the error caused by the differential expansion of the gage 
material and the specimen metal was to use a gage of 
thermal characteristics equal and opposite to those of the 
specimen material. The apparent strain output of + 28 
microinches per inch per degree Fahrenheit forced the in- 
vestigators to consider an etched-foil gage of some other 
material. After careful consideration of available ma- 
terials, it was concluded that Advance foil was the most 
advantageous for the purpose. Advance foil has a fairly 
low resistance change versus temperature and does not 
deteriorate appreciable below 500° F. Because of high 
lead resistance, a gage of high resistance with respect to 
the leads is necessary to maintain a stable gage factor. 


Installation 


Installation procedure for the 120 ohm Advance foil 
gage is identical with that for the Nichrome V gage, 
although more care is required; the Advance foil gage is 
more fragile. Again to reduce any possible effects due to 
the thermocouple action, the lead wires in the thermal area 
should be of the same or very similar material. The lead 
wire used with Advance foil gages is Jellif Alloy 45 sup- 
plied with the gages and has an approximate resistance of 
5 ohms per foot. 


Strain Temperature Coefficient Test 


Again it was necessary to determine the strain-tempera- 
ture characteristics of this material with relation to the 
specimen material (75S-T6 aluminum). 

The static temperature test performed on the Nichrome 
V gages was repeated with the Advance foil gage. This 
test demonstrated that Advance foil was far more desirable 
than Nichrome V for use with aluminum specimens. Re- 
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peated tests consistently produced a factor of —6 to —7 
microinches per inch per degree Fahrenheit when the Ad- 
vance foil gage was mounted on 75S-T6 aluminum, and a 
factor of —13 to —15 microinches per inch per degree 
Fahrenheit for the gage and cement alone. These results 
are shown graphically in Figure 9. The apparent strain 
output error due to differential temperature between ac- 
tive and dummy gages has been reduced to approximately 
one-fourth the error prevailing with Nichrome V gages. 

During experiments with the Advance foil strain gages, 
the methods of compensation, calibration, shielding, and 
heating were maintained as close as possible to the con- 
ditions under which the Nichrome V gages were investi- 
gated. 

During the transient tests, temperature-compensated cir- 
cuits using Advance gages produced apparent strain out- 
puts of +200 microinches per inch, Figure 10 as compared 
to +600 microinches per inch with Nichrome V. 


Conclusion 


The etched-foil strain gage is as yet only a stop gap in 
the field of elevated-temperature strain measurement. In 
test after test of the same specimen, the results were re- 
peatable but the reliability was questionable unless ade- 
quate precautions were taken as previously described. The 
RX-1 cement is useful to about 550° F, at which tempera- 
ture its resistance is too low for accuracy; with gages only 
20,000 ohms from ground, interaction takes place between 
gage circuits. 

Experiments have been made with other cements, such 
as UV-103, AL-P1l, etc., without much success. They re- 
quire firing, depending on the cement, from 450° F to 
1000° F, which is much too high for heat-treated aluminum 
alloys. 

Although the Nichrome V gage is not suitable for meas- 
uring thermal strains in a test structure, that is strains 
usually of low magnitude, the strains due to loads can, 
however, be determined. By first recording the strain in- 
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Figure 10. Advance 120. | 
Ohm Foil-Type Strain Gage f 
Under Radiant Heating at 
Heat-Rate of 30°F per Sec. 
ond. Compensated Bridge 
Mounted on 75S-T6 Alumi. 
num. 
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dications under transient heat, then under structural log 
and transient heat and subtracting, load strains are | 
tained within the accuracy of the repeatability of the tra 
sient heating system. 

From the results obtained it is concluded that etches. 
foil strain gages manufactured from Advance material ap 
superior to those of Nichrome V when used with aluminy | 
specimens. However, the limiting temperature at which | 
the Advance foil gage can be used is much lower than wit , 
the Nichrome V foil. Above 500° F the Advance foil gage | 
start to vary in characteristics to such a degree that com. 
pensation is poor. This is due to instability of the alloy 
itself. 

The program thus shows a need for more development 
to obtain a better cement, one which will cure on aluminw 
(at such temperatures that the temper of the specimen wil 
not be affected), which is not hygroscopic, and which is not 
sensitive to thermal shock. If such a cement can be ée 
veloped, and if the compensating gages mounted on the 
specimen itself are stress-relieved in some way so tha 
better compensation (i.e., identical temperature) can bk 
achieved, then the Nichrome V foil gage can be used up to 
1800° F. 

The authors wish to express their appreciation to Messrs. 
N. S. Bishop, D. M. Cole, Jr., J. L. Olmstead, H. S. Samuels, 
and S. Sofia for their aid in completing this project. 
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A method is described of simplifying fabrication and 
assembly of Bridgman unsupported area closures 
by use of commercially available rubber O-rings. 


A Versatile Closure 


for High Pressure Vessels Utilizing 


O-Rings for the Initial Seal’ 


by D. P. Johnson, H. A. Bowman, J. L. Cross, J. D. Hill and J. S. Ivest 


National Bureau of Standards, Washington, D. C. 


MOST CLOSURE ASSEMBLIES for high pressure ves- 
sels designed to contain pressures of 150,000 psi and above, 
utilize, in one form or another, the Bridgman (1) unsup- 
ported area principle, well known to all high pressure ex- 
perimenters. A common feature of such assemblies is the 
requirement for an initial low pressure seal which will 
hold until the pressure builds up to an amount sufficient 
to permit the high pressure packing to upset. This initial 
seal is ordinarily accomplished by tightening a thrust mem- 
ber, thereby distorting a soft and easily deformed low pres- 
sure packing material such as lead. 

The use of commercially available rubber o-rings as low 
pressure sealing devices is well described in trade litera- 
ture. They are obtainable in sizes from less than % inch 
OD to several feet in diameter, and are fabricated in nu- 
merous materials such as natural and synthetic rubbers, 
plastics, ete. 

For three years the High Pressure Measurements Group 
at the National Bureau of Standards has been successfully 
using rubber O-rings to produce the initial seal of unsup- 
ported area closure assemblies. We have found several 
advantages in their use in this application over more con- 
ventional configurations utilizing lead washers. The sim- 
plicity of design is evident from an examination of Figure 
1, illustrating our dead end closure plug for sealing off a 
1” inside diameter pressure vessel. Assembly is easy, since 
the thrust member B needs to be pulled up only finger 
tight. 

The size of the O-ring is chosen so that it will have a 
slight interference fit of a few thousandths of an inch 


tintin 


*This work supported in part by the Ordnance C Watert | 
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{Or. Johnson is supervisory physicist of the High Pressure Measurements 
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Figure 1. High Pressure dead end closure. A, pressure 


vessel. B, thrust member. 
E, closure plug extractor. F, stainless steel 


closure plug. 
packing. G, 


neoprene o-ring. 


C, high pressure fiuid. 


H, vent slot. 
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Figure 2. Cross section of four lead closure. A, pressure Figure 3. High pressure thermocouple well. A, pressure 18 
vessel. B, thrust member. C, high pressure fluid. D, vessel. B, thrust member. C, high pressure fluid. D, 
closure plug. E, detail of electrical lead closure. F, coil closure plug. E, mild steel pad. F, o-ring. G, hard steel 
support. G, limestone bushing. H, o-ring. J, insulated ring. H, 18-8 stainless stee! thermocouple well. 1, mild 
electrical lead soft-soldered to electrode (low pressure steel end plug. J, thermocouple wires. K, detail of 
side). K, mild steel electrode. L, electrical lead hard- thermocouple closure. L, vent siot. 
soldered to electrode (high pressure side). M, vent slot. 
against both the closure plug and the inside wall of the ing socket. In operation, the contained pressure forces | ? 
vessel. This interference does not impede the assembly of the O-ring back against the insulating bushing G, causing | 
the unit. The O-ring will establish a seal capable of with- this bushing to deform into leak tight contact with the | 
standing pressures of several thousand (2) psi. As the electrode and the inside wall of the socket, at which time 
pressure builds up the O-ring is forced back against the an- closure is accomplished. The insulating bushing is maée | 
nealed stainless steel packing ring F which, in turn, is of lithographic limestone (3) the characteristics of which 
forced back against the tapered section of the closure plug. (4) make this assembly suitable for operation at 200,0W 
This stainless steel ring is initially quite soft (about psi. 
Rockwell C-10) so that it will readily upset against this A second modification of this closure plug is a simple "8 
tapered surface, thereby forming leak tight contact with reentrant thermocouple well with which we have had lim 
it. At the same time, the ring is circumferentially stretched ited experience to 150,000 psi. The plug is fabricated with | 
until it is in leak tight contact with the inside wall of the a single packing socket as shown in Figure 3. The well is | 
vessel. This upsetting process causes the ring to work made of commercially available 4” x 1/16” stainless steel 
harden rapidly thereby offering increased resistance to ad- tubing. The tip end is sealed by a steel plug, I, with a lock 
ditional deformation. When the stainless steel ring is in ing taper. The base end of the well is attached to the 
leak tight contact with both the closure plug and the inside closure plug as shown in the insert drawing. The closure 18 
wall of the pressure vessel, all leakage paths are sealed off is accomplished in the same manner as described in the 
and the closure is complete. This device has been repeated- two foregoing schemes, namely, the O-ring holds at low 
ly used to pressures of 200,000 psi without damage to the pressures by virtue of interference with botn the well H | 
O-ring; however, it is necessary to replace the stainless and the inside wall of the socket, and at high pressures the | 
steel ring periodically. steel pad deforms into leak-tight contact between itself 
A modification of this closure plug which may be of in- and both of these members. The small hard steel ring of 
terest to high pressure experimenters is shown in Figure triangular cross section G prevents collapse of the tube at 
2, a cross section view of a plug containing four electrically the base. 
insulated feed-through fittings. The plug is fabricated with REFERENCES i 
a conical nose and contains four packing sockets, only two 
of which are shown. The details of the socket packing are 1, P. W. Bridgman, Proc. Am. A 49 
shown in the insert drawing E. Here, as above, the O-ring re gt ong age ee eee Pig A bine A 4i 
forms an initial seal by virtue of a slight interference fit 12 ?) 
with both the electrode K and the inside wall of the pack- oe Ga ieee, STE 


Engineer Merry-Go-Round Adds to Headaches 


According to a recent Industrial Relations News report, Engineer turnover has shown a steady uptrend since 
the hue and cry over the shortage of engineers has deafened 1953, causing incalculable losses to employers in terms of 
the ears of frenzied recruiters to the quiet, steady trend the individual engineer’s creative potential. The report | 
of engineers departing from their present jobs. also stated that engineers quit, for the most part, because 

Last year, for example, for every 100 engineers employed management has not seriously demonstrated that its engr 
in the avionics industry, 15 quit old jobs to take new ones. neers are as important as it continuously professes them 
According to the report the national shortage of engineers to be. The prospect of a higher salary may often be the 
has quickened the job-changing merry-go-round; it hasn’t occasion for quitting, but it is seldom the only reason oF 
caused it. even the major one. 
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by Morris G. Moses 


TION OF McLEOD GAGES 

= See OPLER PUMPS” M. B. Reynolds ; 
Chem. Education, p. 621, Dec., 

gage it is ad- 
vantageous mount the gage proper at 
sufficient height above its mercury reser- 
bo so that, with the reservoir open, 
ressure will maintain the 

mercury level slightly below the gage cut- 
off. In order to make a pressure measure- 
ment, the mercury level is raised by ap- 
plication of pressure to the mercury reser- 
yoir. The author found that this pres- 
sure can be conveniently applied and con- 
trolled by means of a rubber bulb with 
ue contro] such as is used on a 

’s blood-pressure manometer. 

184. LLATION COUNTER FOR DE- 
TECTION OF X-RAYS” R. T. Ellickson 
and J. T. Nelson; Jour. Opt. Soc. Ameri- 
ea, pp. 984-986, Nov., 1955. A scintillation 
counter using thallium activated sodium 
iodide as scintillation crystal is described. 
This material appears to be an excellent 
detector for electrons, light nuclei, fission 
fragments, by rays and x-rays. In this 
case the region of interest is that of 


10. 

735, “THE YSICS OF THE SCINTILLA- 

6. TION COUNTER” G. J. F. Garlick ; Jour. 
Sci. Instr. (London), Vol. 32—No. 10, pp. 
369-871, Oct., 1955. Author presents cri- 
tical discussion of pulse spread and mul- 
tiplier emission processes. Included is 
problem of non-linear variation of phos- 
phor response with energy and type of 
incident radiation. 

736. “SIMPLIFIED APPARATUS AN D 
PROCEDURE FOR FREEZING-POINT 
DETERMINATIONS UPON SMALL 
VOLUMES OF FLUID” J. A. Ramsay 
and R. H. J. Brown; Jour. Sci. Instr. 
(London), Vol. 82—No. 10, pp. 372-375, 
Oct., 1955. Apparatus avoids difficulty of 
undercooling by first freezing and then 
determining the thawing-point Method 
best suited for volumes in range of 10-* 
to 104 mm® Accuracy in range of 
+0.003°C. for freezing-point depressions 
in order of 1 to 2°C. 

787, “A FURNACE FOR OBTAINING OPTI- 
CAL SPECTRA OF RADIOACTIVE ELE- 
MENTS” L. F. H. Bovey; Jour. Sci. 
Instr. (London), Vol. 32—No. 10, pp. 376- 
378, Oct., 1955. Construction and opera- 
tion of king-type furnace is described. 
Apparatus is capable of exciting spectra 
of radioactive or toxic materials. In- 
cluded are absorption spectra data for 
scandium, yttrium, and lanthanum. 

18.“AN APPARATUS FOR THE MEAS- 

UREMENT OF Y-RADIATION FROM 

THE HUMAN BODY” J. Rundo; Jour. 

Sei. Instr. (London), Vol. 32—No. 10, pp. 

sign and construction of total-body gam- 

879-884, Oct., 1955. Article describes de- 

ma-monitor. Features include four high- 

pressure ion chambers connected differ- 
entially with four similar chambers to 

luce the background intensity and vi- 
brating reen electrometer amplifier. 

%.“AN ELECTRONIC MAGNETOMETER” 
B, G. Cragg; Jour. Sci. Instr. (London) 
Vol. 32—No. 10, pp. 385-386, Oct., 1955. 
Probe nit containing miniative cathode- 
ray tube is heart of unusual instrument 
designed for measuring manetic fields. 
Balancing magnetic against electrostatic 
fields, the unit will produce an output of 
12.5 volts per oersted with an approxi- 
mate drift of 1 millivolt per minute. 
me of field size is presently 10 oer- 
stead. 

™%.“A PHOTOELECTRIC LIGHT-SPOT- 
DISPLACEMENT DETECTOR” A. Thu- 
lin; Jour, Sci., Instr. (London) Vol. 32— 
No. 10, pp. 387-890, Oct., 1955. Use of 
cadmium sulfide photocell in bridge cir- 
cuit together with stabilizer for current 
permits linear calibration independent of 
spot intensity variations and photosen- 
sitivity. Output current is suitable for 
driving micro-ammeter or high-gain pen 

” recorders directly. 

“AN ANALOGUE COMPUTER FOR 
NUCLEAR REACTIONS” E. S. Shire ; 
Jour. Sei. Instr. (London) Vol. 32—No. 
10, pp. 391-392, Oct., 1955. Knowing the 

t particle energy and “Q-value” of 
Teaction, the energy of the emitted parti- 
cle can be directly read from this in- 
strument. Ratio of number of particles 
eprint = of solid angle in centers 

mass and laboratory space can each be 
directly read. 
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“TUBE WALL THICKNESS GAGE 
WITH SELECTION OF BACK-SCAT- 
TERED ~-RADIATIONS” J. L. Putman, 
S. Jefferson, J. F. Cameron, T. P. Kerry, 
and E. W. Pulsford; Jour. Sci. Instr. 
(Lendon) Vol. 32—No. 10, pp. 394-398, 
Oct., 1955. Instrument described which 
measures secondary (back-scattered) gam- 
mas, compares them to primary rays, 
and interpolates thickness. Selection ac- 
complished with sodium iodide phosphor 
scintillator followed by simgle channel 
kicksorter. 

“A METHOD FOR THE MEASURE- 
MENT OF D-C MAGNETIC FIELDS 
AND D-C FIELD DIFFERENCES AND 
ITS APPLICATION TO NONDESTRUC- 
TIVE TESTING” F. Foerster; Jour. Soc. 
Nondestructive Testing, pp. 31-44, Sept., 
Oct., 1955. A theoretical foundation for 
the de field strength measurement method 
is given. It is shown how by reversing 
one probe of a field strength meter a field 
strength difference meter is obtained. 
“HOW TO OBTAIN A PROFESSIONAL 
ENGINEER’S LICENSE” J. D. Con- 
stance; Machine Design, pp. 152-156, Oct., 
1955. A short guide to requirements, 
procedures, and information needed to 
secure a license as a professional] engi- 
neer is given. A table lists places where 
information may be obtained in any state. 
The rise in numbers of professional en- 
gineers since 1930 is also given. 
“AUTOMATIC DRIFT COMPENSATION 
IN D-C AMPLIFIERS” I. Cederbaum and 
P. Balaban; Rev. Sci. Instr. Vol. 26— 
No. 8, pp. 745-747, Aug., 1955. Article 
describes an automatic circuit for periodi- 
cal compensation of drift in d-c ampli- 
fiers. Heart of circuit is relay and 
memory condenser. 


- “PROTON RECOIL FAST-NEUTRON 


SPECTROMETER” B. R. Gossick; Rev. 
Sci. Instr. Vol. 26—No. 8, pp. 754-762, 
Aug., 1955. A two-part article, complete 
in one issue, describing the principles and 
experimental details of a proton recoil 
instrument. Derivation of genera] equa- 
tion for calculating neutron energy spec- 
trum from recoil counting data. 
“SOME PROPERTIES OF LIGHT 
GUIDES” George M. Ettinger; Rev. Sci. 
Instr. Vol. 26—No. 8, pp. 763-764, Aug. 
1955. Some scintillation counters do not 
permit proximity of photomultiplier tube 
and scintillation crystal; hence, use of 
light guides. Attenuation results in low 
signal-to-noise ratio and factors affecting 
attenuation in light guides are discussed 
in detail in this paper. 
“MEASUREMENT OF ELECTRIC 
FIELDS AS APPLIED TO GLOW DIS- 


CHARGES” Roger W. Warren; Rev. 
Sci. Instr. Vol. 26—No. 8, pp. 765-770, 
Aug., 1955. Details are given in develop- 


ment of magnetically compensating, ultra 
fine, high sensitivity, zero deflection elec- 
tron beam probe method for measuring 
fields in glow discharges. 

“PORTABLE POTENTIOMETER AND 
THERMOSTATTED CONTAINER FOR 
STANDARD CELLS” A. W. Spinks and 
F. L. Hermach; Rev, Sci. Instr. Vol. 26 
—No. 8, pp. 770-772, Aug., 1955. Port- 
able equipment is described for main- 
taining the “laboratory volt” to 0.002% 
with saturated standard cells. Equipment 
consists of temperature-controlled air bath 
and thermofree potentiometer for inter- 
comparing cells. 

“DESIGN AND CONSTRUCTION OF 
TWO LOW-TEMPERATURE THERMO- 
STATS” Andrew Gilchrist; Rev. Sci. 
Instr. Vol. 26—No. 8, pp. 773-775. Aug., 
1955. Two thermostats for use in ranges 
of —40°C to —70°C and —70°C to 
—150°C are described. Controlling ele- 
ment in both is thermocouple used in 
conjunction with potentiometer and gal- 
vanometer-photomultiplier amplifier. Tem- 
perature control to within 0.01°C is pos- 
sible with potentiometer drift correction. 
“MICROMANOMETER FOR MEASUR- 
ING BOUNDARY LAYER PROFILES” 
A. M. O. Smith and James 8S. Murphy; 
Rev. Sci. Instr. Vol. 26—No. 8, pp. 775- 
781, Aug., 1955. Manometer described 
satisfies requirements for measuring lami- 
nar or turbulent boundary layer profiles 
in incompressible flow. Details mentioned 
are (1) large accuracy for small pres- 
sure differentials, (2) moderate accuracy 
for large over-all range of differentials 
and (3) small time lag. 
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- “APPLICATION TRENDS: 


CONTROL 
IN THE STEEL INDUSTRY” A. S. 
Urano; Auto. Control Vol. 4—No. 2, pp 
13-15, Feb. 1956. Part I of a 2-part 
series treats application engineering as- 
pects of arc furnace control, rolling mill 
operations, automatic screwdown control, 
control hot strip mill technique, and sev- 
eral other phases of control in modern 
steel mill programs. 
“DIGITAL-TO-ANALOG CONVERSION 
FOR GRAPHICAL PLOTTERS” Mitchell 
B. Bain; Auto, Control Vol. 4——No. 2, 
pp 16-18, Feb. 1956. Article describes 
procedure for converting input balance 
circuits of analogue type recorders from 
conventional self-balancing potentiometer 
type to self-balancing Wheatstone bridge. 
“TAPE CONTROLS ELECTRONIC 
EQUIPMENT TESTS” Auto. Control Vol. 
4—No. 2, p. 29, Feb. 1956. Description 
of a high speed automatic resistance- 
measuring device and its application in 
checking assembled electronic devices. 
Punched tape commands insert unknown 
resistance in one arm of d-c Wheatstone 
bridge and measures degree of unbalance 
against standard. Out-of-tolerance parts 
are rejected. 

“NEW USES IN CONTROL FOR THE 
PHOTOCONDUCTOR?” Dr. John E. Jacobs 
and Harold Berger Auto. Contro] Vol. 
4—No. 2, pp 20-21, Feb. 1956. Fields of 
infra-red detection, visible light detec- 
tion, and X-ray detection are discussed 
as they apply to uses of photocells, 
“FUEL CUT-OFF CONTROL FOR 
GUIDED MISSILES” Gerald L. Zomber 
and Donald MacMillan; Electronics Vol. 
29—No. 1, pp 126-127, Jan. 1956. De- 
scription of unit for use in conjunction 
with a radar-beacon system as a fuel 
cut-off device for guided missiles. Low- 
frequency audio signal on relay is basic 
principle. Novel feature is integral low- 
power gamma-ray radium source which 
stabilizes operating potential of neon 
voltage regulator. 

“SIMPLIFIED ANALOG COMPUTER” 
Victor B. Corey; Electronics Vol. 29—No. 
1, pp 128-131, Jan. 1956. Computer de- 
scribed has ten operational amplifiers, 
power supply section, and problem board. 
Extreme accuracy has been sacrificed for 
everyday versatility. 

“SERVO AMPLIFIER USES SILICON 
POWER TRANSISTORS” J. W. Lacy and 
P. D. Davis, Jr. Electronics Vol. 29—No. 
1, pp 136-137, Jan. 1956. Servo power 
amplifier having outputs of more than 5 
watts uses silicon transistors in push-pull 
output stage. 

“MEASURING PHASE AT R-F AND 
VIDEO FREQUENCIES” Y. P. Yu; Elec- 
tronics Vol. 29—-No. 1, pp 138-140, Jan. 
1956. Time delay and phase angle of 
two sine waves in frequency range be- 
tween 10 ke and 20 me can be meas- 
ured to accuracy of 0.1 degree or one 
percent of dial reading. One advantage 
claimed is that stray capacitance and in- 
ductance of input leads do not affect ac- 
curacies. 

“SCALE WEIGHS MOVING TRUCKS” 
Arthur L. Thurston; Electronics Vol. 29— 
No. 1, pp 142-143, Jan. 1956. Extremely 
novel scale weighs trucks while they are 
traveling at speeds up to 48 mph. Scale 
is operated at 400 cps and uses load 
cells coupled to heated-stylus low-inertia, 
high-speed recorder. 

“DIGITAL PRESENTATION VACUUM- 
TUBE VOLTMETER” August Nuut and 
Clarence Munsey; Electronics Vol. 29— 
No. 1, pp 148-149, Jan. 1956. Details 
are given for servo-driven self-balancing 
potentiometer with counter coupled to 
servo shaft affords digital presentation 
to vacuum-tube voltmeter. 
“MAGNETIC-SWITCH TRANSIENT 
ANALYZER” W. A. Geyger; Electronics 
Vol. 29—No. 1, pp 150-151, Jan. 1956. 
Frequency tripler and magnetic switch 
provide high accuracy of response time 
measurements in testing high-speed mag- 
netic amplifiers. 
“ANALOG-TO-DIGITAL DATA CON- 
VERTER” Sherman Rigby; Electronics 
Vol. 29—No. 1, pp 152-155, Jan. 1956. 
Gated v.f.o. (pulse type) fed into fixed- 
interval counter converts analog voltage 
into digital quantity over range of four 
decades. Output pulses are suitable for 
driving counter. 

“INSTRUMENTATION OF A NATU- 
RAL-GAS PIPELINE” Walter E. Rufleth ; 
Instruments & Automation Vol. 28—No. 
8, pp 1812-1315, Aug. 1955. A descrip- 
tion of continuous-recording telemetering 
and selective calling telemetering on a 
pipeline system 500 miles long-load-pro- 
portioning, remote control, and multi- 
plexing (to reduce transmission line 
costs) are among the topics discussed. 


243 








ADVANCE PROGRAM INFORMATION i] 

















Ex 

( 

: U U 

ISA’s 11th ANNUAL INSTRUMENT-AUTOMATIqy  :: 

: co 

24 

CONFERENCE & EXHIBIT to 

da 

to 

NEW YORK CITY COLISEUM ~- SEPT. 17-21, 19% | ia 

co 

pi 

m 

to 

he 

ce 

A 

Opening Session—IGY Earth Satellite —R EGISTRATION w 
: : : , 7 : 2 Bs ti 

Keynoting the Technical Sessions will be the exclusive Opening Session and Technical Sessions 

opening session on Instrumentation in the International t 
‘ “i z s ISA Members and Non. |) tl 
Geophysical Year and its Earth Satellite program. The Cooperating Societies Member || . 
Monday 9:30 A.M. session at the Statler Hotel will feature Questing Seesion (1GY) ..........0- $2.00.......... $3.00 || | 
: ian © " vance registrants for other programs of the Cop. | 0 
the presentation of three papers by authorities in the ference will not have to pay a fee for the opening oan | . 
program: sion (IGY). Admission is by _ special ticket only 
because of limited seating capacity. Those who reg. | 
The Objective and Plan for U. S. Participation in the ister prior to September 1 will be issued complimentary | iv 
International Geophysical Year, by Dr. Joseph Kaplan, tickets. i ti 
Chairman, U. S. National Committee International Technical Sessions $8.00 
n, U. S. National Committee International == | ‘echnical Sessions ................ Ve $12.00 
Geophysical Year. The above fees for the Technical Sessions includes a | e 
The Role of Scientific Instrumentation and Geophysical copy of the Proceedings containing all technical papers | 
Measurement, by Dr. A.V. Astin and W. A. Wildhack, or abstracts. Non-Members may apply all surcharges I} b 
National Bureau of Standards, Washington, D. C. toward payment of ISA dues if they enroll as full mem- | 
bers before October 15. Registrants for the Data 
Problems in Instrumentation for the Satellite, by Dr. Handling Workshop, Instruments Maintenance Clinic, 
Richard W. Porter, General Electric Co. and Analytical Instruments Clinic may also register for 
my oe Sessions by payment of an additional ‘ 
- . 5.00 fee for members and $8.00 for non-members, 
Technical Sessions : P which covers the cost of Technical Sessions Proceed- 

Over 100 technical papers at this year’s Show will present ings. ; 
the facts, the background and the staggering significance Sane aoegram registrants may attend the Exhibit 
of instrumentation and automatic control upon our indus- _ ! 
trial economy. Subjects listed here will include research, ( 
design, manufacture, application, maintenance, operation Biological and Medical Instrumentation 
and testing of instruments, components and systems. Monday 2:00 P.M.—polarimetry, measurement, densitometry 

fractionation, research j 
, : ssday 2:00 P.M.—c ry co r icro-scz i 
Earth Satellite Instrumentation eee M.—cology counter, micro-scanning, recorder 

Monday 2:00 P.M.—tracking, telemetering, computation Wednesday 2:00 P.M.—analyzers, radiation, oscilloscope, ele | 

Tuesday 9:30 A.M.—panel discussion by IGY representatives trophoresis : , 

Thursday 2:00 P.M.—micro-osmometer, electrical methois t 
Instrument Operation and Maintenance therapeutic : 
Tuesday 9:30 A.M.—temperature, measurement and control Physical Properties Instrumentation 


Wednesday 9:30 A.M.—aeronautical industry Thursday 9:30 A.M.—high-speed recorders, dielectric constant 


. i measurement, resistivity, infiltration meter, viscosity it- 
Testing Instrumentation fluences 


Tuesday 9:30 A.M.—strain measurements 





Tuesday 2:00 P.M.—vibration measurements Nuclear Radiation Instrumentation . 
Wednesday 9:30 A.M.—low temperature measurements Wednesday 2:00 P.M.—strain gages, servomechanisms, reat 
Wednesday 2:00 P.M.—research and development tors 
Thursday 9:30 A.M.—servo system, barostat, electro-mechani- ‘ z 

cal converters Aeronautical Instrumentation 
Tuesday 9:30 A.M.—panel on missile test instrumentation i 
Analysis Instrumentation Tuesday 2:00 P.M.—panel on ground test instrumentation 
Monday 2:00 P.M.—optical methods Computers, Data Handlin 
Tuesday 9:30 A.M.—control systems " P ‘ é g ‘ ‘ 
Tuesday 2:00 P.M.—new techniques of analysis Wednesday 9:30 A.M.—storage systems, electric power syste, 
Wednesday 9:30 A.M.—pH measurement and control analog solutions 
Wednesday 2:00 P.M.—X-ray spectroscopy ss . . 
Thursday 9:30 A.M.—air pollution measurement Human Engineering Symposium 
Thursday 2:00 P.M.—air pollution measurement _ : Wednesday 9:30 A.M.—man as a link, air traffic tower desig 
Thursday 2:00 P.M.—sequence controller, linearization in con- Wednesday 2:00 P.M.—procedures in design, instructor stations 
trol, saturable reactor instrumentation, analog computers in y : 
control Education Symposium 
. ‘ Tuesday 9:30 A.M.—panel discussion by representatives # 
Instrumentation for Production Processes University Exhibits” k : , ait 
Monday 2:00 P.M.—paper, waste di sal, i stris ee ee Tuesday 2:00 P.M.—industrial training, role of secondé 
Tuesday 9:30 i Sa ee ee aes schools, role of correspondence training, training collegt 
ics of chemical reaction, nuclear power instrumentation graduates, ISA sponsored courses 


Wednesday 9:30 A.M.—quantometry in aluminum industry, 


radiation pyrometry, heat treating Computers Symposium 


Thursday 9:30 A.M.—electro-pneumatic controls, frequency re- Thursday 9:30 A.M.—concept, limitation, application, and fe 
sponse tures of computers the 
Thursday 2:00 P.M.—food process variables, moisture tester Thursday 2:00 P.M.—computers in process control, and th 
automatic factory 
Inspection and Gaging Management Symposium 
Wednesday 9:30 A.M.—subjects to be announced Thursday 9:30 A.M.—management planning for instrument 
tion and control; economic and social features governll 
Transportation instrumentation management’s decision to automate 
Wednesday 2:00 P.M.—panel on systems concept of instrumen- American Society of Mechanical Engineers salve 
tation Monday 2:00 P.M.—linearized process controllers, control va 
Thursday 9:30 A.M.—automotive transportation logarithmic elements ; 
Thursday 2:00 P.M.—pipeline and railroad Tuesday 2:00 P.M.—analog computer, lumped parameter 
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exhibit 

over 500 of the nation’s leading manufacturers will ex- 
ipit millions of dollars worth of new production equip- 
. instruments and control equipment. Companies 


new : 
ponder for exhibit space to date are listed on pages 


d 249. 
ae hours for the week are: Monday, Sept. 17, 2 P.M. 


to 10 P.M.; Tuesday, Sept. 18, 10 A.M. to 6 P.M.; Wednes- 
day, Sept. 19, 10 A.M. to 6 P.M.; Thursday, Sept. 20, 12 Noon 
aay) PM.; and Friday, Sept. 21, 10 A.M. to 4 P.M. 

An estimated 30,000 will see and hear about the 
latest developments and advances in instruments, controls, 
components, accessories and systems. Joining with the 
pioneering instrument and control manufacturers will be 
many new firms’ equipment and services in this field. Visi- 
tors will find an unprecedented wealth of technical “know- 
how” and experience in the art and science of measurement, 
control, testing, data handling and computation. This 11th 
Annual ISA Show offers the unequalled opportunity for 
up-to-date information on design, application and opera- 
tion of instruments and systems. 

Also featured at the Exhibit will be displays entered in 
the new “Pioneering in Instrumentation” contest sponsored 
by ISA this year for the first time. Models and drawings 
of new ideas for instruments and components will be dis- 

ed. 
7 a Exhibit highlight will be the University Exhibit 
cosponsored by ISA and McGraw-Hill Publishing Co.—Con- 
trol Engineering. The projects of a number of leading 
engineering schools will be displayed. 

It is expected that a model of the IGY Earth Satellite will 
be on display. 


Social Activities 


ISA members, exhibitors, and their wives are invited to 
attend the annual President’s Reception at the Statler 
Hotel, Sunday afternoon, September 16, and personally 
meet National President Robert T. Sheen, other ISA offi- 
cers, and the incoming officers. 


Annual Banquet 


This year’s Annual Banquet will be held in the Grand 
Ballroom of the Statler Hotel on Wednesday evening, Sep- 
tember 19. There will be a minimum of formal activities 
and a maximum of entertainment. New National officers 
will be introduced during the formal program of the ban- 
quet. Cocktails will precede the dinner which will be fol- 
lowed by the program, entertainment and dancing. Ad- 
vance purchase of tickets will be necessary to insure a 
reservation. 


Ladies Activities 


Appealing to a wide range of feminine tastes, the Ladies 
Activities arranged for the Show features a luncheon and 
fashion show, a tour of Radio City, a cruise around Man- 
hattan Island, a visit to West Point, a matinee at “My Fair 
Lady” plus radio and television shows. The fashion show 
will be conducted by Trans World Airlines. 


Society Activities 


ISA Committee meetings have been scheduled for each 
day of the Show. The Executive Board meeting will be 
held Saturday morning, September 15 at the Statler Hotel. 
The ISA Members’ meeting will be held at the Statler Hotel 
Tuesday afternoon. Immediately following this will be the 
ISA Council meeting. 


Section Officers Luncheon 


The Section Presidents and Secretaries Luncheon will be 
at the New Yorker Hotel on Wednesday, September 19 at 12 
Noon. This Luncheon is designed for local Section officers 
‘0 get together and discuss problems of mutual interest. 


July 1956 


—_——REGISTRATION 





Pal Te. o.oss 6600 000 6010 000dennveeenees $12.50 
(Includes dinner, gratuities and top-flight Broadway 
entertainment) 

ee PPT TTT eee $16.50 


(Five-events package with original cost of $20.70. 
Tickets for individual daily events may also be pur- 
chased). 

Plant Tours—no fees except transportation. 


Advance registration required for all activities to in- 
sure reservations. 











Program Chairman’s Clinic 


Following the Section Presidents anc Secretaries Lunch- 
eon will be the Program Chairman’s Clinic, designed to 
discuss means of strengthening meeting programs and spe- 
cial problems of Sections. 


Plant Tours 


These tours of industrial plants in the New York area 
have been arranged: 

Tuesday, September 18, Ballantine Brewery, Newark, 
N. J., 12:30 P.M., limited to first 70 registrants; Wednes- 
day, September 19, Long Lines Dept., American Telephone 
and Telegraph Co., N. Y. C., limited groups at 10 A.M., 
11 A.M. and 12 Noon; Thursday, September 20, Waterside 
Generating Station of Consolidated Edison Co., N. Y. C., 
limited groups at 10 A.M., 11 A.M., and 12 Noon. 

Since all tours are limited in sizes of attendance, early 
registration will insure your trip. 


Employment Service 


One of the outstanding services for both employer and 
employee at the New York Show will be the Employment 
Service operated jointly by the New York-New Jersey 
Host Committee and the National Employment Committee. 
Facilities will be available for employers to register job 
openings and for individuals to register their availability 
for employment. This register will be open for the pro- 
spective employer to see who is applying, and for the appli- 
cants to see what positions are open. 


Headquarters Hotels 


Headquarters hotels for the Show are the Statler and 
New Yorker. Reservations for hotel accommodations should 
be made early with the New York Convention and Visitors 
Bureau, 90 E. 42nd St., New York City. 


Airline Transportation 


United Airlines has been designated as the official air- 
lines for the ISA Show and will exhibit electronic equip- 
ment and services at the Coliseum. 


Member Services 


For the convenience of ISA members and exhibitors, 
lounges will be maintained at the New Yorker and Statler 
Hotels as well as an ISA booth at the Coliseum. These 
lounges will be a gathering place for members and will be 
staffed to offer information on the exhibit, technical pro- 
grams, and ISA activities. 

The ISA booth at the Coliseum will offer publications for 
sale and complete information on the Society. The ISA 
Journal will operate a Coliseum booth for those interested 
in discussiag advertising, subscriptions, and editorial 
matters. 





All ISA members will receive a detailed program an- 
nouncement of all Conference and Exhibit activities 
including advance registration forms. Non-members may 
receive complete program data by mailing reply card 
on page 77A. 
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Data Handling Workshop cal research; meteorology; general industria] » | 
search laboratories. 
Date and Place: New Yorker Hotel, September 17, 18. | 
Pre-Registration for the Data Handling Workshop ig » | 
Course: Related primarily to the automatic and semi- quired. 
automatic reduction of data. | 
aaah tnards Will be eoutnetes in the form of Seunetanse Te | 
discussions. No papers will be read, but will be given ! 
to registrants prior to the opening of the Show. The Date and Place: Columbia University, September 15, § ) 
objective of the Workshop is to provide a high level 17. Special “Get-Acquainted” meeting Friday, ge | | 
exchange of information on an informal basis. Regis- tember 14, 7:30 P.M., at Columbia University, | 
trants are free to rotate among any of the Workshop : | 
groups being carried on simultaneously or remain with Course: Maintenance and trouble-shooting of instrumm|) | 
a group of their preferred interests. equipment. Primarily designed for operating, maip | 
tenance and apprentice personnel. | 
Course: Monday afternoon will be a general session at- 
tended by all participants in the Workshop. Discus- Instruction: Explanation of instruments, parts, accessories 
sions will relate to the semantics of data reduction, Demonstration of procedure, question and answe | 
and several panel discussions among authors in the periods, and actual bench experience assembling ant 
field. disassembling equipment. Those attending will have | 


Horizontal sessions on Tuesday morning allowing for a choice of participating in one of three schedulesd@ 


cross-fertilization of ideas are: semi-automatic data sessions, each consisting of a well balanced series a 


reduction of oscillograph and film records; elements eight different instruments. 
in the automatic data handling, data reduction system; ‘ , 
Subjects: Self-Operated Pressure Reducing Regulator 


automatic systems in use or being installed; future : 
Control Valves; Oxygen Analyzers; Infrared G 


data handling equipment and system requirements for 
Analyzers; Force Balance Flow Transmitters; Positité 


1960. 

Displacement Meters; Electronic Pressure Transmit 
Vertical sessions for Tuesday afternoon allowing for ters; Solenoid Valves: Pneumatic Relays for Addi 
an interchange of ideas among members of the same and Subtracting; Variable Indicating Flow Transtile 


field will cover: aircraft and missile; aircraft engine 





ters; Miniature Pneumatic Instruments; Electromilt 


test; wind tunnel; chemical and process control (in- Potentiometer. 


cluding atomic energy); exploration geophysics; medi- 


Analytical Instruments Clinic 





REGISTRATION Date and Place: Statler Hotel, September 19, 20. | 


Course: Offers short courses in the theory, design and 














Non- 
Members Members application of instruments for both continuous proces | 
Instruments Maintenance Clinic ...... $5.00 $8.00 stream analysis and laboratory analysis. | 
Analytical Instruments Clinic ........ 5.00 8.00 | 
Data Handling Workshop ............ 10.00 15.00 Instruction: Illustrated lectures, demonstration and d 
(includes copy of Workshop Proceedings) E 
cussions. Each session will be repeated four time 
Advance registration prior to September 1 for the Data ‘ . z time 
Handling Workshop, Maintenance Clinic and Analytical enabling registrants to attend any session at @ 
Instruments Clinic includes admittance to the Opening Pare ee — : 
Session of the Conference on the IGY Earth Satellite. convenient to their schedules. 
These registrants may also register for the Technical 
Sessions by payment of an additional $5.00 fee for ’ 
members and $8.00 for non-members which covers the Subjects: Gas Chromatography; Mass Spectrometry for 
cost of the Technical Sessions Proceedings. Non-mem- : 7 ; nal 
bers may apply surcharges toward payment of ISA Process Stream Analysis; Continuous Infrared A 
-s i 4 i t tober 15. . = ‘ . 
ne Sy Saves pews te Cetener & sis; Electrolytic Methods of Analysis; X-Ray Spec 
troscopy. 
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Abrams Instrument Corp. 
Acro Switch Div. 

Acro Manufacturing Co. 
Acton Laboratories 


Adams & Westlake Co. 
Aero Service Corp. . 
AGA Div. 

Elastic Stop Nut Corp. 
Akeley Camera & Inst. Div. 

J. W. Fecker Co. 

Alina Corp. 

American Chain & Cable Co., Inc. 
American Cystoscope Makers, Inc. 
American Institute of Physics 
American Instrument Co., Inc. 
American Laubscher Corp. 
American Meter Co. 

American Phenolic Corp. 

Ampex Corp. 

Ampower Corp. 

Analytical Measurements, Inc. 
Anders-Lykens Co. 

Anderson & Sons 

The Annin Co. 

Anti-Corrosive Metal Products Co., Inc. 
Applied Science Corp. 

Arma Div. 

American Bosch Arma Corp. 
Askania Regulator Co. 

Assembly Products, Inc. 
Associated Spring Co. 

Wallace Barnes Div. 

Dunbar Bros. Div. 

F. N. Manross & Sons Div. 
Atkomatic Valve Co., Inc. 
Automatic Electric Sales Corp. 
Automatic Switch Co. 

Automatic Temperature Control Co. 
Au-Temp-Co. Corp. 


B & F Instruments, Inc. 
B-I-F Industries 

Eric R. Bachmann Co. 
Bailey Meter Co. 

Baird Associates 
Baldwin-Lima-Hamilton Co. 
Barber-Colman Co. 

Barnes Engineering Corp. 
Barton Instrument Corp. 
Arnold O. Beckman Co. 
Beckman Instruments, Inc. 

Arga Div. 

Beckman Div. 

Berkeley Div. 

Spinco Div. 

Bendix Aviation Corp. 

Cincinnati Div. 

Pacific Div. 

Pioneer Central Div. 
Benson-Lehner Corp. 
James G. Biddle Co. 

J. Bishop & Co. 

Platinum Works 
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Black, Sivalls & Bryson, Inc. 
Bludworth Marine Division 
Borg-Warner Corp. 

Byron Jackson Div. 
Bournes Laboratories, Inc. 
Branson Instruments, Inc. 
Branson Ultrasonic Co. 

The Bristol Co. 

Brookfield Engineering Laboratories, 
Ine. 

Bronwill Scientific Co. 

Brooks Rotameter Co. 

Buffalo Meter Co. 

Burgess Battery Co. 

Burgess Manning Co. 

Burling Instrument Co. 

Burroughs Corp. 


Cambridge Instrument Co. 

A. W. Cash Co. 

Cash Standard Stacon Corp. 

Century Electronics & Instruments, 
Inc. 

Century Geophysical 

Chemquip Co. 

C. P. Clare Co. 

Clary Corp. 

Colvin Laboratories, Inc. 

Commercial Research 

Computer Measurements, Inc. 

Conax Corp. 

Conoflow Corp. 

Consolidated Electrodynamics Corp. 

Continental Equipment Co. 

Control Products, Inc. 

Control Sales & Mfg. Co. 

Counter and Control Corp. 

R. W. Cramer Co. 

Crawford Fitting Co. 

Crescent Engineering & Research Co. 

Crescent Insulated Wire & Cable Co. 

Crosby Steam Gage and Valve Co. 


George W. Dahl Co. 
Davidson Mfg. Co. 
Davies Laboratories 
Davis Instruments 
Daystrom Electric Corp. 
Daystrom, Inc. 
Daystrom Pacific Corp. 
Decker Aviation Corp. 
DeZurik Shower Co. 
Diehl Mfg. Co. 

William Dixon, Inc. 
Wilber B. Driver Co. 
Driver-Harris Co. 

E. I. du Pont de Nemours & Co. 
Durant Mfg. Co. 
Dynamic Gear Co. 

F. W. Dwyer Mfg. Co. 
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Eagle Signal Corp. 

Eastern Precision Resistor Corp, 
Eastman Kodak Co. 

Thomas A. Edison, Inc. 
Electronic Associates 
Electronic Plastics Corp. 





Electronic Research Associates 
Electronic Tube Corp. 
Electro-Pulse, Inc. 

El-Tronics, Inc. 

Elgin Metalformers Corp. 
Ellis Associates 

A. H. Emery Co. 
Encyclopaedia Brittanica 
Engelhard Industries 

Ess Specialty Corp. 


Fairbanks Morse Co. 

Fairchild Engine & Airplane Corp. 
Electrotechnics Div. 

Falstrom Co. 

Farris Engineering Co. 

Farris Flexible Valve Corp. 

Farris Pickering Governor Corp. 

Federal Telephone & Radio Co. 

Fenwal, Inc. 

Fenwal Electronics 

Feedback Controls 

Filtors, Inc. 

Fisher Governor Co. 

Fischer & Porter Co. 

Flexonics Corp. 

Ford Engineering Co. 

Foster Engineering Co. 

The Foxboro Co. 

George E. Fredericks Co. 


General Controls Corp. 
General Electric Co. 

Apparatus Sales Div. 

Clock & Timer Dept. 
General Motors Corp. 

AC Spark Plug Division 
General Precision Equipment Co. 
General Precision Laboratory 
Genisco, Inc. 

G. M. Giannini 

Gilbert & Barker Mfg. Co. 
Glenco Corp. 

Claude S. Gordon Co. 
Gow-Mac Instrument Co. 
Green Instrument Co. 
Greibach Instruments Corp. 
Gulton Industries, Inc. 

W. & L. E. Gurley 


Hagen Mfg. Co., Inc. 
Hallikainen Instruments 
Hamilton Watch Co. 
Allied Products Div. 
Hammarlund Mfg. Co., Inc. 
Hammel-Dahl Co. 
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Instrument Co. 
pect Instrument Co. 
A. W. Haydon Co. 

Haydu Brothers 

The Hays Corp. 

Hays Mfg. Co. 

H. B. Instrument Co. 
Heat Timer Corp. 

Co. 
Sennen Tube Co. 
Karl Heitz Co. 

Helipot Corp. 

Hertner Electric Co. 
The Hewson Co., Inc. 
Hoke, Inc. 

Hot Spot Detector Co. 
Hygrotester, Inc. 


Illinois Testing Labs, Inc. 
Imperial Brass Mfg. Co. 
Industrial Development Lab. 
Industrial Instrument Corp. 
Industrial Instruments, Inc. 
Industrial Labs Publishing Co. 
Industrial Pyrometer & Supply Co. 
Industrial Timer Corp. 
Instruments Publishing Co. 
Instrument Society of America 
ISA Journal 


Jerguson Gage & Valve Co. 
Jordan Electronics 


W. A. Kates Co. 

Kearfott Co., Inc. 

The C. M. Kemp Mfg. Co. 
Kepeco Laboratories 

Kieley and Mueller, Inc. 
Kollmorgen Optical Corp. 
Kybernetes Corp. 


Landis & Gyr, Inc. 

Langevin Mfg. Corp. 

Lapp Insulator Co., Inc. 
Leeds & Northrup Co. 

Leslie Co. 

Librascope, Inc. 

Linde Air Products 

Link Aviation, Inc. 
Liquidepth Indicators, Inc. 


McGraw-Hill Publishing Co., Inc. 

McLaurin Jones Co. 

MB Mfg. Co. 

Magnaflux Corp. 

Magnecord, Inc. 

Magnetrol, Inc. 

Manning, Maxwell & Moore, Inc. 
— Ashcroft Hancock 

v. 

Industrial Controls Div. 
Aircraft Products Div. 

Manostat Corp. 

Mason-Neilan Regulator Co. 

Massa Laboratories 

Maxon Instruments, Inc. 

urements Corp. 

The Meriam Instrument Co. 

Metrotype Corp. 

Midwestern Instruments 

William Miller Instruments, Inc. 
he Safety Appliances Co. 


Minneapolis-Honeywell Regulator Co. 


Heilend Diy. 
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Doelcam Div. 

Micro Switch Div. 
Moisture Register Co. 
Samuel Moore & Co. 
Moore Products Co. 
Morehouse Machine Co. 
Mycalex Corp. 


George L. Nankervis Co. 


New Hermes Engraving Machine Corp. 


Non-Linear Systems 
Norcross Corp. 
Norden-Ketay Corp. 
Instruments & Systems Div. 
Precision Components Div. 
Norden Laboratories 
Boston Electronics Div. 
Gyromechanisms Div. 
Western Div. 
Frohman Gear Div. 
North American Aviation, Inc. 
North American Philips Co., Inc. 
North American Van Lines 
Norwood Controls Corp. 
NRD Instrument Co. 
Nuclear Corp. of America 
Nuclear Magnetics Corp. 
Nuclear Science and Engineering 
Corp. 


Offner Electronics, Inc. 
The Ohmart Corp. 
Optical Coding Laboratory, Inc. 


P. W. Industries, Inc. 
Palmer Thermometers 
Panellit, Inc. 
Panalarm Div. 
Panascon Div. 
Parker Appliance Co. 
Partlow Corp. 
Penn Instrument Div. 
Burgess Manning Corp. 
Perkin-Elmer Corp. 
Instrument Div. 
Engineering & Optical Div. 
Vernistat Div. 
Perkin Engineering Co. 
The Permutit Co. 
Petrometer Corp. 
Philadelphia Gear Works 
Philadelphia Pump & Machinery Co. 
Phillips Control Corp. 


Photo Chemical Products of Calif., Inc. 


Photocon Research Products 

Photovolt Corp. 

Potter Aeronautical Corp. 

Potter & Brumfield Co. 

Potter Instrument Co. 

Precision Scientific Co. 

Precision Thermometer & Instrument 
Co. 

W. G. Pyke & Co., Ltd. 

Pyrometer Instrument Co., Inc. 


Radiation, Inc. 
Radioactive Products, Inc. 
Radio Corp. of America 
Ramo-Wooldridge Co. 
Reinhold Publishing Co. 
Reliance Electric & Mfg. Co. 
Republic Flow Meters 
Research Controls 
Robertshaw Fulton Controls Corp. 
Fielden Instrument Div. 
Fulton Sylphon Div. 
Rochester Mfg. Co. 
Rockwell Hardnesstesters 
Rotron Contrels Corp. 


Milton Roy Co. 
Rubicon Co. 
Rutherford Electronics 


Sanborn Co. 

Scam Instrument Corp. 

Servo Corp. of America 

Servomechanisms, Inc. 

Servo-Tek Products 

Sequoia Process Corp. 

Sequoia Wire Co. 

Skinner Chuck Co. 

S. Morgan Smith Co. 

Southwestern Industrial Electronics 
Co. 

Solartron Electronic Group, Ltd. 

Special Screw Products 

Sphinx American Co. 

Standard Electric Corp. 

Standard Instrument Co. 

Herman D. Steel Co. 

Herman H. Sticht Co. 

Superior Electric Co. 

Superior Tube Co. 

Surprenant Mfg. Co. 

The Swartwout Co. 

Swiss American Jewel Bearing Co. 

Swiss Jewel Co. 


Taller & Cooper, Inc. 

Taylor Instrument Companies 
Technical Charts, Inc. 
Technical Products Co. 
Technicon Co. 

Telechron 

Teleregister 

Tempil Corp. 

Tenney Engineering, Inc. 
Thermistor Corp. of America 
Thermo-Electric Co., Inc. 
Times Facsimile Co. 
Transformer Engineers 
Trimount Instrument Co. 


Uehling Instrument Co. 
Unicam Instruments, Ltd. 
Uniflow Valve Corp. 
Unistrut Products Co. 
United Airlines 
U. S. Electrical Motors 
U. S. Gauge Div. 
American Machine & Metals, Inc. 


Valcor Engineering Corp. 
The Vapor Recovery Systems 
Varian Associates 

Vari-Ohm Corp. 

Veeder Root, Inc. 
Vibro-Ceramics Corp. 


Wacline, Inc. 

Wallace & Tiernan, Inc. 
Waterman Products Co., Inc. 
Waugh Engineering Co. 
Weatherhead Co. 

Weiber Co. 

W. M. Welch Mfg. Co. 

West Instrument Corp. 
Weston Electric Co. 
Wiancko Engineering Co. 
Wild Heerbrugg Instrument Co. 


Zephyr Mfg. Co., Inc. 


Cooperating Organizations 

U. S. Navy 

National Bureau of Standards 

American Society of Mechanical 
Engineers 

American Rocket Society 

International Geophysical Year 
Committees 
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National President Robert T. Sheen Relates 
ISA Progress in Interim Report to Members 


In last September’s Journal, Nation- 
al President Robert T. Sheen wrote 
on “Looking Ahead with ISA” and 
mentioned these objectives for his 
term as President: Increased Service 
to Members; Increased Service to 
Sections; Organization Clarification; 
Long-Term Financial Planning; and 
Wider Public Recognition of ISA. 

In his interim report to the mem- 
bers last month, Mr. Sheen related the 
progress made toward these goals. 


He said “none of the goals have 
been fulfilled in complete detail, but 
they are sufficiently advanced to high- 
light their significance to member 
service.” Mr. Sheen told the members 
that a Foundation for Instrument Edu- 
cation and Research is being estab- 
lished to set up “clinics” at various 
centers throughout the U. S., and also 
assist ISA Sections and firms in or- 
ganizing training programs. 


Mr. Sheen also noted the progress 
made toward reorganization of ISA’s 
technical activities into industry-type 
divisions, thus enabling members to 
be more closely identified with instru- 
mentation and controls for their own 
fields of employment. 

He also cited and explained the pro- 
vision for nine District Vice-Presi- 
dents to be elected in September and 
serve on the Executive Board (see 
pages 254-255). 

Concerning the budget Mr. Sheen 
said “ISA is in the strongest financial 
position in its history, and because of 
this the National Finance Committee 
is working on a longer budget as well 
as making recommendations for prop- 
er investment policies for our surplus 
funds.” The new budget permits in- 
creases in staff and membership and 
predicts that the ISA Journal will be 
“out of the red” and operating in black 
figures in 1957. 

The National President also noted 
the need for wider public recognition 
of the Society, and said “any program 
conducted by the National organiza- 
tion or a local Section brings more 
recognition and prestige to ISA.” 

In summary he said “ISA has made 
progress in the past 10 years and will 
accelerate its achievements of service 
over the months ahead. To accom- 
plish this more help is needed. More 
members are needed on the Section 
and National Committees, and as the 
new Divisions are formed, considerably 
expanded opportunities for service 
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will develop. Help will be needed on 
the Educational Programs. 

“If you are not already devoting 
some of your time, technical and ad- 
ministrative talents to ISA, now is the 
time to volunteer. 

“We are on the threshold to great 
advances in our field. ISA will con- 
tinue in the lead with services to its 
members, instrument makers and 
users, and to our nation to the degree 
that every member plays an active 
part in our program.” 


ISA Co-Sponsors Ninth 
Medical, Biology Meet 


ISA, along with IRE and AIEE, will 
jointly sponsor the Ninth Annual 
Conference on Electrical Techniques 
in Medicine and Biology at the Gov- 
ernor Clinton Hotel, New York City, 
November 7-9. 

J. T. Vollbrecht, ISA Treasurer and 
new Presidential nominee, will act as 
Chairman of the Program Committee. 
E. Dale Trout, of the X-Ray Dept., 
General Electric Co., Milwaukee, Wis., 
will serve as General Chairman. Titles 
and brief abstracts should be sub- 
mitted to him. 

The three-day event will consist 
mainly of technical sessions plus a 
field trip to the Brookhaven Labora- 
tory with a possible evening session 
covering some of the items seen there 
during the trip. 


Sections, Membership 
Committee Appointment 


J. Paul Stone, a member of the Den- 
ver Section, has been named District 
Chairman of the Sections and Mem- 
bership Committee for the states of 
Montana, Wyoming, Utah, and Colo- 
rado. A. A. Anderson, Vice President, 
made the announcement. 


Mr. Stone is a manufacturers rep- 
resentative, principally in the elec- 
tronic field. With Mr. Stone’s ap- 
pointment this leaves only one va- 
cancy in the Committee headed by 
Tom Waldrop. 





ISA Spring Conferenee 
Scheduled for Atlanta 


April 10-12, 1957 are the days Whig 
have been selected for ISA's firs 
Spring Conference in Atlanta. Itg 
be jointly run with the . 
Southeastern Section’s Third Anny 
Conference and Exhibit. 

The Atlanta Biltmore Hotel will, 





Exhibit Hall housing approximaigs 
100 booths. Eight meeting rooms yy 
accommodate the technical Sesion | 
and clinics. A banquet will be stage 
in the hotel’s Empire Room on Th 
day night. i 

The major theme of the Conferey 
will be Nuclear Instrumentatiq 
However, other subjects of vital » 
terest to the industrial South wil} 
included in the program. Maintenam 
and Analytical Clinics are ay 
planned. It is expected that this (» 
ference will usher in ISA’s first ner 
industrial division structure. 

This Atlanta meeting will be th 
Society’s first schedule of region! 
meetings. It plans to hold seve 
more in different areas in order 
bring the National type of Conferent 
to more ISA Sections. 

The steering group for the Atlam 
Host Committee are: Mike Daile 
chairman; Jack Spurlock, vice-chat 
man; Roy Freeman, Atlanta Sectia 
president; and Tom Waldrop, chat 
man, National Sections and Memb 
ship Committee. Other members frm 
the Atlanta Section as well as othe 
Southeastern ISA _ Sections will ® 
added to the Host Committee. 


the center of all the activities i 


Symposium Co-Sponsortl 
By Eastern New York 


The ISA Eastern New York Settift 
and the Northeastern New York & 
tion of the American Institute @ 
Chemical Engineers banded togetitt 
in co-sponsoring a Symposium ant 
ixhibition on Process Control # 
Schenectady, N. Y., May 25-26. — 

Thirty-four of the nation’s leadil 
equipment manufacturers were ret 
sented at the Exhibition which ® 
cluded the latest displays of products 
in the field of instrumentation and@ 
tomatic control. 

Sessions at the Symposium include 
Control System Characteristics; Cot 
trol System Characteristics and Appl 
cations; and Control System Applitt 
tions. 
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ry member recently received a 
questionnaire with a reply card to pol 
nish up-to-date information to e 
National Office on his mailing address, 
occupation, and employer's classifica- 
tion, and his choice of new ISA indus- 

. ivisions. 
poy oes any member reading 
this column did not receive the ques- 
tionnaire please drop me a line and I 
yill promptly send him another. If 
you have delayed sending back your 
reply card please give it your imme- 
diate attention. 

Aside from the necessity of bringing 
our National Office records up-to-date, 
the questionnaire is the beginning basis 
for the reorganization of ISA into in- 
dustry-type divisions. While the ques- 
tionnaire listed nine major divisions 
from which a member might choose 
his first and second preferences, the 
suggestions by members for other di- 
yisions predict some revision in the 
original list. However, it is vital that 
100 per cent of our membership return 
their information so that when the 
Executive Board finalizes the division 
structure they will have the complete 
preferences of our members. 

Some members, particularly from in- 
strument manufacturing companies 
and from sales organizations, com- 
mented that they are interested in all 
our new divisions, not just one or two. 
This is understandable because of the 
variety of products. While the chances 
are that a member will be privileged 
to be identified with as many divisions 
as he wishes, it was initially necessary 
to get some idea of preferences to 
know which divisions to start first. 

Then too, some members inquired 
about our Technical Committees. Some 
of these are really industry-type com- 
mittees. These will be merged into 
the new industry divisions. Those 
which deal with basic types of instru- 
ments will continue and will have 
much to contribute in the way of pro- 
grams and services. 

In this new plan, the distribution of 
Tesponsibilities for our four Divisional 
Viee-Presidents will need to be 
changed. At present they are assigned 
‘0 these divisions: Technical, Opera- 
tims, General Relations, and Recom- 
mended Practices. To permit one of 
the Vice-Presidents to take on the new 
industry divisions will mean that Op- 
‘rations and General Relations may 
ve combined under one Vice-President. 

Any reorganization involves a bit of 
‘onfusion and ISA will be no excep- 
tion on this scorce. Yet the advant- 
%s of greater service, better pro- 
sams and expanding activities war- 
tant the changes. You accelerate the 

& of these advantages by re- 
sponding to the questionnaire. 


meetings digest 





Gordan Research Conferences 


of AAAS Held at Three Schools 


The Gordan Research Conferences 
of the American Association for the 
Advancement of Science for 1956 
started June 11 and will continue to 
August 31 at Colby Junior College, 
New London, N. H.; New Hampton 


School, New Hampton, N. H.; and 
Kimball Union Academy, Meriden, 
N. H. 


These Conferences were established 
25 years ago to stimulate research 
foundations, and industrial labora- 
tories. This purpose is achieved by 
informal types of meetings consisting 
of scheduled lectures and discussion 
groups. They have grown from a 
single week-long meeting at Johns 
Hopkins University to a program in- 
volving over 3000 scientists at the 
New Hampshire schools. 

These meetings are a_ valuable 
means of disseminating information 
and ideas that otherwise would not be 
realized through the normal channels 
of publication and scientific meetings. 
In addition, scientists in related fields 
become acquainted, and valuable asso- 
ciations are formed, often resulting in 
collaboration and cooperative efforts. 
The purpose of the Conference is not 
to review the known fields of chemis- 
try, but primarily to bring experts up 
to date on the latest developments, to 
analyze the significance of these de- 
velopments and provoke suggestions 
concerning the underlying theories 
and profitable methods of approach for 
making new progress. 

A Conference on Instrumentation 
will be held July 23-27 at Colby Junior 
College as part of this Gordan Re- 
search program. Featuring 27 papers 
on instrumentation, the Conference 
will be under the Chairmanship of 
Donald Williamson. Dr. Axel Peter- 
son, a member of the ISA Pittsburgh 
Section, is Vice-Chairman. Some 
typical papers here are: Present and 
Future Control Problems; The Ap- 
plication of Simplified Digital Tech- 
niques to Certain Data-Handling Prob- 
lems; A Proposal for the Establish- 
ment of an Automation Laboratory; 
The Dynamic Use of the Seebeck 
Effect for the Direct Conversion of 
Heat Into Electric Energy. Dr. Robert 
J. Jeffries, ISA President-Elect-Secre- 
tary nominee, will present the latter 
paper, and T. R. Vick Roy, a member 
of the ISA Education Research Foun- 
dation, will present a paper entitled 
“An Instrumentation Foundation?” 
Several other ISA members will pre- 
sent papers during this Conference. 

Other Conferences scheduled for the 
Colby Junior College part of the 
Gordan Research Program are: Elas- 
tomers, July 30-August 3; Food and 
Nutrition, August 6-10; Vitamins and 
Metabolism, August 13-17; Medicinal 





Chemistry, August 20-24; and Cancer, 
August 27-31. 

Remaining Conferences at the New 
Hampton School include: Organic 
Castings, July 16-20; Chemistry and 
Physics of Metals, July 23-27; Chemis- 
try of Steroids and Related Natural 
Products, July 30-August 3; Analytical 
Chemistry, August 6-10; Inorganic 
Chemistry, August 13-17; Statistics in 
Chemistry and Chemical Engineering, 
August 20-24; Adhesion, August 27-31. 

Remaining Conferences at the Kim- 
ball Union Academy include: Chemis- 
try, Psychology and Structure of 
Bones and Teeth, July 16-20; Chemis- 
try at Interfaces, July 23-27; Ion Ex- 
change, July 30-August 3; High-Pres- 
sure Research, August 6-10; Toxi- 
cology and Safety Evaluations, Au- 
gust 13-17; Infrared Spectroscopy, Au- 
gust 20-24; Glass, August 27-31. 

For more information contact the 
American Assn. for the Advancement 
of Science, 1515 Massachusetts Ave., 
N. W., Washington 5, D. C. 





Electronic Show in Los 


Angeles August 21-24 


The most advanced electronic theo- 
ries and products of interest to indus- 
tries directly concerned with instru- 
mentation and automation will be pre- 
sented at the 1956 Western Electronic 
Show and Convention in Los Angeles, 
August 21-24. The Show is sponsored 
jointly by the West Coast Electronic 
Manufacturers’ Assn. and the Los 
Angeles and San Francisco Sections of 
the IRE. 

Engineering management,  instru- 
ments, military electronics, reliability, 
control and theory, control mechan- 
isms, automation, environmental 
effects and computers are some of the 
subjects scheduled for the conference. 
Contact WESCON, 344 N. LaBrea Ave., 
Los Angeles 36, Calif. 





University Schedules 
Measurement Course 


Initial plans have been completed 
for the 16th Annual Appalachian Gas 
Measurement Short Course August 
27-29 at West Virginia University, 
Morgantown, W. Va. 

The course has been attended each 
year by measurement and control en- 
gineers and other technical personnel 
representing the gas and petro-chemi- 
cal industries. Nearly 100 industrial 
and technical experts will conduct the 
various classes and laboratory ses- 
sions. For information contact Profes- 
sor R. E. Hanna of the University 
faculty at Morgantown. 
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Progress Report of Instrumentation in the Process Industries 


A summary of reports by Industry Sub-Committee Chairman 
of the ISA National Committee on Instrumentation for Production 
Processes. Reports by the Food, Paper and Nuclear Sub-Com- 
mittees will appear in the August issue. 


Chemical Processing 


DATA SCANNING AND LOGGING is receiving more 
literature space than any other phase of instrumentation. 
Most chemical companies purchasing data loggers are justi- 
fying them on an experimental basis, in a few cases on the 
basis of an economic evaluation. Some of the questions 
that will be answered in the next year are: What is the 
reaction of the production supervision to the correlation 
and grouping of data for ease of surveillance? Is mainte- 
nance cost prohibitive? What are the effects of logger 
downtime? Will it cut down on man-hours? Will the 
present maintenance group be capable of automatic logger 
repair? 

It appears that demand by production supervision will 
be the greatest single factor in making data loggers com- 
ponents of future chemical plants. It is possible that the 
next few years will see data loggers specified with the same 
ease and economic evaluation now accorded more common 
instrumentation. Several companies are in data reduction 
stage where logged data is put on a punched tape or mag- 
netic tape for use in conjunction with computers. Develop- 
ment leading to closing the process loop through the com- 
puter could bring a fancy return on investment. Success 
achieved in data reduction is dependent on development of 
better analytical instruments with shorter time constants. 
Development of electronic instruments may be running 
behind schedule some people predicted. Manufacturers re- 
member cost of rushing into miniature instrument program 
and are now approaching electronic instrumentation with 
deliberation. Electronic controllers will be on the scene 
en masse in several years. Electronic instrumentation ties 
in conveniently with data logging. The company offering 
electronic instruments and data logging equipment will be 
in a preferred position. Perhaps the greatest single factor 
to influence advent of electronic instrumentation is the 
benefit to the instrument manufacturer. Low capital in- 
vestment, low inventory of parts, reduced tool and die costs, 
design changes made easier and less expensive are ad- 
vantages. 

Large chemical companies are expanding use of instru- 
ment engineers in development and evaluation of new in- 
strumentation components and in chemical process groups. 
Other companies are forced to follow this lead. Publicity 
accorded automation has reached top management. Lack 
of depth in instrumentation personnel will increase pres- 
sure on short supply. One possible solution would be up- 
grading of mechanics and foremen. A curricula worked out 
with a local university, comparable to two year pre-engi- 
neering course, could be selected for completion in four to 
five years. Because of their familiarity with instruments 
these men are immediately helpful as draftsmen and can 
be trained as specification writers. As training progresses 
they can be assigned more work of engineering and design 
nature. 


Metals 


In line with growth of instrumentation in the steel in- 
dustry many operations are being transferred from manual 





to guess work stages to the measurement and control g 
Trend toward electronic unites as part of the hydraulic » 
pneumatic control is pronounced. Some steel Plants a 
studying the effects of air proportioning control for blag 
furnace tuyeres. Purpose of control is to Maintain mp, 
stant air flow regardless of pressure changes. Other pp 
duction processes are being studied to introduce Measuriy 
devices where little instrumentation is now being usy 
such as temperature drop of liquid steel between time th 
furnace is tapped to time the liquid steel is poured iny 
the ingot mould. Some steel plant instrument departmeny 
are being transferred from maintenance departments 
fuel departments. Instruments and controls are a Major 
part of all recent production installations. 





Petroleum 


Use of analyzer type instruments in process plant seryie | 
is still limited by service factor trouble. The industry hy 
in service several types of analyzers which operate at som | 
locations successfully, at others unsuccessfully. Many 
the difficulties are attributed to incomplete transition } 
tween laboratory and plant. Sampling systems contin» 
to be a major source of trouble. Progress toward produ 
analyzer control is disappointing. Data logging equipment 
has been placed in service in the industry both in pile 
unit operations and process plant service. Many users av 
experiencing difficulty in justifying equipment where ma 
power reduction will not result. Future developments 
which may combine logging equipment with a computix 
device will reduce problem of justification. 

Use of graphic panels may have reached its peak. Minis 
ture instruments have been grouped closely on small panes 
to save costly control room space. Operating people opin | 
that cost of graphic diagram is not justified by utility | 
There is no rapid trend toward complete substitution @ | 
electronic for pneumatic control. Users though repor) 
highly satisfactory operation. Use of computers in solving 
complex technical problems has increased, as has use @! 
such tools as frequency response analysis. In this fill 
the petroleum industry is lagging the chemical. The major} 
problem lies with limited available educational facilities. 





Pharmaceutical 


Intrest has been shown recently in continuous wee | 
ing by an industry which has been traditionally batch pr | 
essing. This change will create many new interests init 
strumentation. 
ingly used on production equipment. The use of sucht 
struments as spectrometers, titrators and gas analyzers 8 
no longer confined to the laboratory. Perhaps of greates. 
interest and challenge to the industry are data reductl 
and automatic logging devices. of 

¥ 


Textiles 







Competition is resulting in the industry becoming 
scious of product quality, product improvement and 
reduction measures. There is an increasing use of 
mentation as a means of achieving these ends. Howe™® 
adequate instrumentation engineering and maintenance & 
partments are still the exception rather than the ™ 
Responsibility for the instrumentation in many plants ® 
still a secondary interest. 
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Executive Board 


Officer Nominees for 1957 


This is a report of the ISA National Nominating Commit- 
tee which met April 28 in Chicago and nominated the men 
shown on this page. The ISA Council, composed of Section 
Delegates, will elect new officers at the Council meeting on 
September 18 in New York City. The two Divisional Vice- 
Presidents and the Treasurer will serve two-year terms while 
the President-Elect-Secretary will serve one-year, automatical - 
ly becoming President November 1, 1957. The Presidential 
office is for one year. Those nominated as District Vice- 
President officers of the Executive Board are shown on pages 








254, 255. 


Justus T. Vollbrecht, Presidential nominee, has been ac- 
tive in ISA affairs since 1946. He has been National 
Treasurer since 1953 and prior to that he was chairman of 
the Finance Committee for two years. Mr. Vollbrecht 
founded the Energy Control Corp., New York, in 1938, 
and in 1941 he formed the Energy Control Corp. of Balti- 
more and Philadelphia, and now serves as President of 
hoth corporations. He received his E.E. degree from the 
University of Cincinnati and did post graduate work in 
Business Administration at Northwestern University. 


Robert J. Jeffries, nominee for President-Elect-Secre- 
tary, dates his ISA affiliations back to 1945. Dr. Jeffries 
isa past Chairman of the Education Committee and was 
the first Editor of the independent ISA Journal. He is a 
member and past Chairman of the Editorial Board and 
serves on the SS&P Committee and the new Education 
Foundation Commission. Dr. Jeffries is Assistant to the 
President, Daystrom, Inc., and holds BS and MS degrees 
in Electrical Engineering from the University of Con- 
necticut and Dr. of Engineering from Johns Hopkins Uni- 
versity. He is President of the Fairfield County Section. 


John Johnston, Jr., former member of the Maintenance 
and Operation, Constitution and By-Laws, and Recom- 
mended Practices Committees, has been nominated as Di- 
visional Vice-President. Mr. Johnston is currently Super- 
visor of the Instrumentation Consulting Group, Engineer- 
ing Department, E. I. duPont deNemours & Co., Inc. He 





Robert J. Jeffries 


President-Elect-Secretary 


John Johnston, Jr. 


Divisional Vice-President 
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Justus T. Vollbrecht 
President 


has served as Chairman of Technical Sessions and Main- 
tenance Clinic at National ISA meetings. Mr. Johnston 
has been employed in various capacities of the instrumen- 
tation and automatic control fields since his graduation 
from Drexel Institute of Technology in 1935. 


Edward C. Baran, candidate for the Divisional Vice 
Presidency, has long been active in both National and 
local Section activities. Joining ISA as a Charter Member 
of the Cleveland Section in 1946, Mr. Baran has served as 
Vice President, President, National Delegate of the Cleve- 
land Section. He was a member of the Host Committee 
in 1952. Nationally he has served as a member of the 
Nominating Committee, Recommended Practices Division, 
and an appointed member of the Executive Board. Mr. 
Baran is mechanical department co-ordinator for Standard 
Oil Co. of Ohio. 


Howard W. Hudson, Chairman of the Finance Commit- 
tee, has been nominated as National Treasurer. Mr. Hud- 
son began his career in sales promotion of business 
methods and systems following his graduation from Brad- 
ley University with a BS degree in Commerce. During 
World War II he served as Air Inspector General for the 
Air Force Central Procurement District. In 1950 he or- 
ganized his own firm doing consulting work on reorganiza- 
tions, mergers and financing. He then joined Panellit as 
Assistant to the President and is now Vice President of 
Manufacturing for Panellit and all its divisions. 





Howard W. Hudson 


Treasurer 


Edward C. Baran 
Divisional Vice-President 


No 
ww 
We 




















Chester S. Beard 


District I 


E. Albert Adler 
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In accordance with the new ISA Constitution and By-Laws, the nine | 
District Nominating Committees have met and nominated the men appearing : 
on these pages as District Vice-Presidents of the Executive Board. Election | 
will take place at the Council meeting in New York City on September 18. 
District Vice-Presidents from the odd numbered Districts are nominated for 4 
one-year terms. All others are for two-year terms. These new offices were gg 
created as a means of bringing local Section views more directly to the Execu- iz 


tive Board and provide better coordination of National Society activities at | 
the local level, as well as keeping Sections informed of Executive Board actions. & 


e Chester S. Beard, District I. Mr. Beard is currently 
serving as a member of the Society Structure and Planning 
Committee and is a past President of both the New York 
and Northern California Sections. He has been chief in- 
strument engineer at the Southern California Gas Co. and 
the Bechtel Corp., as well as an instrument consultant with 
Ebasco Services, Inc. Mr. Beard is now a research and 
development engineer at Foster Engineering Co., Union, 
N. J. Like so many of the instrument engineers today, Mr. 
Beard was a meter and regulator man before the new 
classification existed. He has been active in the field since 
his graduation from the University of Southern California 
with an electrical engineering degree. Sections in Mr. 
Beard’s District are Boston, New York, Connecticut Valley, 
Fairfield County, Central New York, Eastern New York 
and New Jersey. 


e E. Albert Adler, District II. Mr. Adler is Chief Instru- 
ment Engineer at United Engineers and Constructors, Inc., 
and is a member of the National Nominating and Society 
Structure and Planning Committees. He was a member of 
Recommended Practices Committee for three years. Mr. 
Adler studied engineering at Drexel Institute of Technology 
and the University of Pennsylvania. He has served as 
President, Vice-President and Treasurer of the Philadel- 
phia Section and is Chairman of the “Pioneering in Instru- 
mentation Contest” at this year’s Show. Prior to joining 
his present firm Mr. Adler was associated with Ford Motor 
Co., Gulf Oil Corp., and Sun Oil Corp. District Sections 
are Philadelphia, Central Keystone, Washington, Balti- 
more, Wilmington, Richmond-Hopewell, Blue Ridge and 
Lehigh Valley. 
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e John T. Elder, District III. Mr. Elder is a member of tk 
Northeast Tennessee Section and is now Chief Instrumet 
Engineer at the Tennessee Eastman Co., a division of East | 
man Kodak Co. He was a Charter Member of the Te 
nessee Section and served as its first President. Mr. Elde | 
has served on the National Employment Committee, Cor 
porate Membership Committee, Constitution and By-Law 
Committee, Southeastern Regional Planning Committe 
and is now District Chairman of the Sections and Men | 
bership Committee. He also served as National Delegate 
of the Northeast Tennessee Section. Mr. Elder holds 
B.S. degree in mechanical engineering from Georgia In | 
stitute of Technology. District Sections are Aruba, Tulle 
homa, Chattanooga, Pensacola, Tampa Bay, Atlanta, Sa: 
vannah River, Oglethorpe, Carolina Piedmont, Oak Ridge 
Northeast Tennessee, Muscle Shoals and Birmingham. 





e Mifflin S. Jacobs, District IV. A member and past Pres 
dent of the Pittsburgh Section, Mr. Jacobs has served 
tionally on the Sections and Membership Committee ani 
the Nominating Committee. In addition to serving as Presi 
dent of the Pittsburgh Section he has been Membership 
Chairman and Alternate Delegate. He also held the chalt 
manship of the National Nominating Committee for one 
year. Mr. Jacobs holds a mechanical engineering degree 
from the University of Pittsburgh. He has been associa 

with Republic Flow Meters Co., Brown Instrument C0., am 
Koppers Co., Inc., where he was chief instrument eng 
neer. Mr. Jacobs is now President and Sales Manager @ 
M. S. Jacobs & Associates, Inc., a firm which he founded 
in 1945. Sections in his District are Montreal, Toronto, 
Rochester, Niagara Frontier, Presque Isle and Pittsburg! 
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R. Robert Proctor 


’ egie 
D. Carneg District VI 


District V 


e Gordon D. Carnegie, District V. Mr. Carnegie has been 
a member of ISA since 1943 when he joined the Wayne 
County Section. He became a Charter Member of the 
Cleveland Section in 1945 and has served there as Program 
Chairman, Secretary, Bulletin Editor, and a member of 
the Executive Committee. Mr. Carnegie has also been a 
member of the National Sections and Membership Com- 
mittee, and aided in establishing the Ashtabula Section. He 
attended Michigan College of Mining and Technology and 
is now owner of the King Instrument Co., a manufacturer's 
agency which he started in 1945. Prior to that he was in 
charge of the engineering department at King Engineering 
Corp. Sections in Mr. Carnegie’s District are Cleveland, 
Toledo, Akron, Columbus, Central Ohio Valley, Scioto Val- 
ley, Cincinnati, Charleston, Cumberland and Ashtabula. 


eR. Robert Proctor, District VI. Mr. Proctor has been 
active in nearly every Chicago Section Committee in ad- 
dition to serving as Section President, Vice-President, 
Treasurer, and National Delegate. He has served on the 
National Meetings and Exhibits Committee, Recommended 
Practices Committee, Publications Committee, and a mem- 
ber of the Editorial Board. Mr. Proctor is a graduate of 
lowa State College and is currently an instrument engi- 
heer in the Research and Development Laboratories, Pure 
Oil Co. Prior to joining Pure Oil Co. he was with the H. A. 
DeVry Corp., and the Iowa-Nebraska Light and Power Co. 
Sections in Mr. Proctor’s District are Twin Cities, Fox 
River Valley, Milwaukee, Chicago, Central Illinois, North- 
ern Indiana, Indianapolis, Wayne County, Detroit, Sarnia, 
Kalamazoo Valley, Paducah and Louisville, South Bend. 


¢ Roy E. O’Neill, District VII. Mr. O’Neill is a member of 
the Houston Section where he has been active as Program 
Chairman, Councilor, and a member of the Section Nomi- 
hating Committee. He has also served for three years as 
4 Member of the National Nominating Committee. Mr. 
O'Neill is secretary-treasurer of Industrial Scientific, Inc., 
Houston. Prior to this he was associated with Industrial 
Scientific Supply Co., Maintenance Engineering Corp., and 
The Texas Co, He is also a member of SAMA and several 
other technical and civic organizations. Mr. O’Neill studied 
. Rice Institute of Technology. Sections included in Mr. 
O'Neill’s District are Houston, South Texas, Sabine Neches, 
Ark-La-Tex, Lake Charles, Baton Rouge, New Orleans, 
Memphis and North Texas. 
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George J. Fiedler 


Roy E. O'Neill 
District Vill 


District VII 





Robert L. Galley 


District IX 


e George J. Fiedler, District VIII. Mr. Fiedler is a mem- 
ber of the St. Louis Section where he has served as Vice- 
President and President. He is currently principal engi- 
neer in the Controls and Instrumentation Section of Sver- 
drup & Parcel, Inc., consulting engineers. Mr. Fiedler 
holds a B.S. degree in E.E. from Kansas State College and 
an M.S. from the University of Kansas. Prior to joining 
Sverdrup & Parcel he was chief of the Circuit Design and 
Measurements Section, Navy Electronics Laboratory, San 
Diego. Mr. Fiedler was recently elected to the grade of 
“Fellow” in the AIEE, and is a well-known lecturer at the 
Joint Council of Associated Engineering Societies, St. 
Louis. District Sections are Denver, Albuquerque, Pan- 
handle, Permian Basis, Oklahoma City, Tulsa, Wichita, 
Kansas City, St. Louis, Missouri Valley and Idaho Falls. 


e Robert L. Galley, District IX. Mr. Galley has been ac- 
tive in both the Philadelphia and Los Angeles Sections, 
holding several offices in both Sections as well as serving 
on a number of Section Committees. At the Los Angeles 
Section he has been President, Program Chairman, Na- 
tional Delegate as well as serving on many Committees. 
He is a Charter Member of the Philadelphia Section and 
served as Organization Committee Chairman. Nationally 
he was a member of the Recommended Practices Commit- 
tee, Nominating Committee, Meetings Committee, and Con- 
stitution and Procedures Committee. Mr. Galley holds a 
B.S. in mechanical engineering from the University of 
Michigan and is coordinator of engine systems instrumen- 
tation at North American Aviation. District Sections are 
Edmonton, Los Angeles, Mojave Desert, Northern Cali- 
fornia, Portland, Richland, San Diego and Seattle. 
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Sheen Presents Charter 
At Missouri Valley Section 


National President Robert T. 
Sheen presents the Missouri 
Valley Section Charter to 
Allan Blotchy, Section Presi- 
dent. 

National President Robert T. Sheen presented the newly- 
formed Missouri Valley Section with its charter in May 
while representatives of other national professional so- 
cieties and members of the Section looked on. 

Prominent guests attending the festivities held at an 
American Legion building in Omaha included: Howard 
Marston, ISA Regional Director; J. Wilkins, representing 
the American Society of Mechanical Engineers; R. Cum- 
mings, American Society of Heating and Air Conditioning 
Engineers; Dr. M. J. Carver, American Chemical Society; 
W. Bredar, Nebraska Society of Professional Engineers; 
D. H. Brandt, American Society of Electrical Engineers; 
and Dr. C. W. Helmsteader, University of Omaha. 

Officers of the new ISA Section in addition to President 
Blotchy are Gordan L. Randall, Secretary; and Edwin L. 
Rome, Treasurer. 

During the program part of the meeting Mr. Sheen 
showed slides of instrument fairs he had attended in Ger- 
many and Japan and explained the progress ISA has made. 


Richland Section Holds Annual 
Northwest Instrument Show 


A spectacular and dynamic exhibit of industrial and 
scientific instruments were featured at the Fifth Annual 
Northwest Instrument Show sponsored by the Richland 
Section, May 9 and 10. 

The exhibit featured instrumentation and automation 
products of over 250 nationally known firms. There were 
approximately 50 booths with engineering personnel on 
hand to demonstrate the equipment and discuss application 
problems with the estimated 3000 people who attended the 
annual event. 

The Show was held at the Community House in Richland, 
Wash., and according to Section President W. A. Richards, 
“ISA gained valuable prestige and publicity as a result of 
the Show.” He reported that a number of new and previous 
members have since applied for membership. 

Richland Section personnel directly responsible for 
planning and conducting the Show included: R. A. Rohr- 
bacher, general show chairman; W. A. Richards, Section 
president; and G. R. Wilde, E. Day, G. F. Ehlers, E. E. 
Mitchell, R. C. Theil, J. K. Flickinger and G. L. Gray, 
sub-chairmen. 
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New Orleans Section Conducts 
Instrumentation Short Courses 





Part of the 122 men wy 
attended the recent instr. 
mentation short courses spon. 
sored by the New Orleans 
Section, 

The New Orleans Section sponsored a series of five jp 
strumentation short courses in May at Tulane University. 
The sessions were held each Thursday night with a que 
tion and answer period following each course. 

The program consisted of pH Instrumentation; Therm 
couples and Resistance-Type Temperature Sensing Devices: 
Pneumatic Control Mechanisms; Industrial Thermometers 
—Pressure Sensitive Type; and Combustion Controls. 

Instructors were J. D. Carsey, Jr., Leeds & Northrup (o, 
Marion Matherne, Minneapolis-Honeywell Regulator (Co: 
R. H. Hemfelt, The Foxboro Co.; Byron Larsen, Taylor 
strument Companies; and Samuel G. Dukelow, Bailey Meter 
Co.—R. C. Fitkin. 





New Jersey Section Announces 
Dynamic Measurements Program 


In an effort to further the art of instrumentation in th 
measurement, manipulation, presentation and analyses 
such variables as vibration, acceleration, etc., the Ne 
Jersey Section has announced a new program on Dynaiilt 
Measurements. 

Starting in September the Section will stage a series 
monthly meetings covering the following subjects: Trait 
ducers—vibration, acceleration, thrust, temperature, pre 
sure, ete.; Recording—oscillograph, oscilloscope, pee | 
graphic, magnetic tape, electronic counters; Data Redue: | 
tion and Analyses; Telemetry—AM, FM, microwave, time 
base, multiplexing; Final Control Actuators—valves, si 
faces; Digital Instrumentation Techniques; Frequency Re 
sponse; and Nucleonics. 

This new program will be in addition to the regula? 





monthly meetings and programs normally scheduled by the 
New Jersey Section. The Section also announced install 
tion of the following officers for the 1956-57 year: S. A 
Olson, Jr., president; W. H. Shellenberger, vice-president; 
J. D. Yanak, secretary; D. Dinzik, treasurer; and E. R. Hil, 
national delegate. 

The Section concluded its yearly activities in June with 
a guided inspection tour of the Forrestal Research Centef 
at Princeton University. An interesting demonstration @ 
telemetering was shown in the helicopter test building. 
Members of the Section also visited the wind tunnel labore 
tory, the Aeronautical Engineering Dept.—BE. B. Kretzme. 
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Philadelphia Section 
Schedules Symposium 


“automatic Data Processing Sys- 
tems” is the title of a Symposium to 
be sponsored by the Philadelphia Sec- 
tion at the Bellevue Stratford Hotel, 

elphia, November 7-8. 

Tentative plans call for the presen- 
tation of approximately six papers per 
day with three each morning and 

moon. An Instrument Fair will 
be held in conjunction with the Sym- 
posium. For information contact 
Horace Richter, Fischer & Porter Co., 


Philadelphia, Pa. 





e National Secretary W. G. Brom- 
bacher spoke on National ISA activi- 
ties and “Measurement of Relative 
Humidity” at the May meeting of the 
Blue Ridge Section. 


e The Montreal Section held its last 
meeting of the season on May 28 
which featured the presentation of a 
paper entitled “Chemical Plant In- 
strumentation” by J. Johnson of E. I. 
du Pont de Nemours & Co. The Sec- 
tion increased its membership 30 per 
cent during the past season. 


¢ Newly-elected officers of the Den- 
ver Section are: L. C. Kahler, presi- 
dent; W. J. Wolf, president-elect; 
Howard S. Johnson, secretary; and 
J. W. Starr, treasurer. R. Benning- 
hoven, district manager of the Kansas 
City office, Republic Flow Meters Co., 
was guest speaker at the Section’s 
May meeting. 


¢ Jules Joslow of the Ampex Corp. 
spoke on “Applications of Magnetic 
Tape Recording” at the May 21 meet- 
ing of the Washington Section. 


¢ John H. Tolan, research physicist 
in the engineering experiment station 
of Georgia Institute of Technology, 
Was guest speaker at the May 28 
meeting of the Atlanta Section. He 
spoke on “Radiological Defense In- 
strumentation.” 


* The June meeting of the New Jer- 
sey Section was held at the Forrestal 
Research Center, Princeton, N. J. 
Demonstrations of telemetering and a 
tour of the Center’s facilities high- 
lighted the meeting. 


* The June meeting of the Tampa 
Bay Section was held at the Inter- 
national Minerals and Chemical Corp. 
in Bartow, Fla. Representatives of 

Florida phosphata industry held 
4round table discussion on instrumen- 
a problems in the phosphate field. 
umerous instrument applications 
and the potential for new instruments 
Were discussed. 
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Pewoual Yotes 


The most interesting thing to most people — is other people 





Robert J. Jeffries John Tragard 


Robert J. Jeffries, former technical 
planning advisor at Schlumberger In- 
struments Co., Ridgefield, Conn., has 
been appointed assistant to the presi- 
dent at Daystrom, Inc., Elizabeth, 
N. J. Dr. Jeffries for many years has 
been active in national ISA affairs 
and most recently served as tem- 
porary chairman in the initial organi- 
zation of the ISA Education Founda- 
tion Development Commission. 


x *k * 


William D. Bell, a member of the 
Los Angeles Section, has been re- 
tained by Beckman Instruments, Inc., 
as a consulting engineer for Beck- 
man’s new data and control systems 
dept. Bell authored a forthcoming 
book entitled “The Management Guide 
to Electronic Computers.” 


Joseph Weil, dean of the College of 
Engineering, University of Florida, 
was named “Man of the Year for 
1956” by the University’s student 
newspaper. Dean Weil is a member 
of the ISA Education Foundation De- 
velopment Commission. 


Three ISA members were promoted 
recently within the Mercord Corp. 
W. K. Stauffer, a member of the Phil- 
adelphia Section, was elected vice 
president in charge of the eastern 
area; John Shedden, a member of the 
New York Section, was named man- 
ager of the New York Section; and 
F. W. Ayer, a member of the Phila- 
delphia Section, was appointed man- 
ager of the Philadelphia branch. 





William D. Bell 


John L. Wagner 


International Business Machines 
Corp. announced the appointment of 
John L. Wagner, a member of the 
New York Section, as coordinator of 
Reliability and Serviceability, Devel- 
opment Engineering. 


x * * 


John Tragard has been named in- 
dustry manager for rubber and plas- 
tics at Industrial Nucleonics Corp., 
manufacturers of AccuRay Process 
Control Systems. Mr. Tragard has 
served as chairman of Exhibitors Ad- 
visory Committee and a member of 
the Finance Committee. Mr. Tragard 
is a member of the Columbus Section. 


=e & ® 


Donald J. Tricebock, a member of 
the Philadelphia Section, has been 
appointed to head the newly-formed 
Instrument Division at Fischer & 
Porter Co. He was formerly assistant 
to the sales manager. 





Petroleum Group Hears 
Sheen at Midyear Meet 


National President Robert T. Sheen 
addressed a session on instrumenta- 
tion during the Midyear Meeting of 
the American Petroleum Institute’s 
Division of Refining in Montreal, Que., 
Canada, May 15. 

Mr. Sheen stressed the service of 
ISA to the petroleum industry and 
emphasized the horizontal nature of 
the Society which makes possible the 
cross-fertilization of ideas from one 
industry to another. 
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ORFICIIL JEWELRY 


OF THE 
INSTRUMENT SOCIETY 
OF AMERICA 


Beautiful Heavyweight 10K Gold Rings 
Onyx Set with ISA Emblem ....§30.00 
Blue Spinel with Emblem 35.00 
Include ring size and choice with order. 


ISA LAPEL BUTTON 


ISA members 
are urged to 
wear the So- 
ciety's attrac- 
tive gold lapel 
button designed 
in the shape of 
the official ISA 
emblem; inlaid 
with white 
enamel and ap- 
proximately 
one-half inch 
high. Gold- 
filled button 
— $2.00. Gold- 
plated button— 
$5.00. 


TIE CLASP WITH ISA KEY 
AND GOLD-FILLED CHAIN 


A beautifully designed gold-filled tie-clasp 
is also available. The Society emblem is 
suspended in the form of a key and priced 
at $5.00. 


INSTRUMENT SOCIETY OF AMERICA, 
313 Sixth Ave., Pittsburgh 22, Pa. 


Please send me the following official ISA 
jewelry I have checked below. Payment for 
the amount checked is enclosed. 

[] Gold-filled Lapel Button 

] Gold-plated Lapel Button 


[] Tie-clasp with chain and gold- 
filled official ISA emblem 


{] Onyx 14K Gold Ring Size ........ 30.00 
C) Blue 14K Gold Ring Size ... 


Name 


Street 


Member of 
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ALBUQUERQUE 
Arnold E, Bentz, Sandia Corp. 
Robert W. Roberts, Sandia Corp. 
BATON ROUGE 
Norman G, Adams, Ethyl! Corp. 
Walter W. Hranitzky, Kaiser Aluminum & 
Chemical Corp. 
J. E. Leavines, Kaiser Aluminum & Chem- 
ical Corp. 
Thomas H. Morrell, Kaiser Aluminum & 
Chemical Corp. 
J. G. Robinson, Kaiser Aluminum & Chem- 
ica: Corp. 
W. G. Weakley, Ethy] Corp. 
BIRMINGHAM 
G. L. Zeanah, B. F. Goodrich Co. 
BLUE RIDGE 
James B. Stulting, Celanese Corp. of America 
BOSTON 
John M. Lancaster, Fenwal, Inc. 
CENTRAL KEYSTONE 
Albert E. Bates, Jr., Bethlehem Steel Co. 
Kenneth P. Imhof, Olmsted Air Force Base 
John O. Peterson, The Bristol Co. 
Robert W. Small, Beryllium Corp. 
CENTRAL ILLINOIS 
Joseph C. Lestage, Silas Mason - Mason 
Hanger 
CENTRAL NEW YORK 
Harold C. Hodgson, Minneapolis-Honeywell 
Reg. Co. 
CINCINNATI 
Frank H. Trickey, General Electric Co. 
CLEVELAND 
Ralph K. Johnson, Bailey Meter Co. 
COLUMBUS 
A. James, Jr., North American Aviation 
Billy L. Pack, North American Aviation 
CONNECTICUT VALLEY 
O. W. Bilharz, Jr., Pratt & Whitney Aircraft 
Robert R. Cox, Institute of Living 
George A. Hall, Jr., The Bristol Co. 
Paul A. Hilli, The Foxboro Co. 
Peter J. Martin, Pratt & Whitney Aircraft 


Co. 
Charles C. Mockridge, The Bristol Co. 
Robert A. Morris, Dittman & Greer, Inc. 
Philip E. Stevens, Dittman & Greer, Inc. 
Thomas L. Reiling, MacLaurin Jones Co. 
Richard A. Steinetz, Ward School of Elec- 
tronics 
Edward Wilkos, Pratt & Whitney Aircraft 
Charles F. Willett, Automatic Switch Co. 
DENVER 
Donald A. Rodgers, Glenn L. Martin Co. 
H. T. Feiertag, Glenn Martin Co. 
Charles W. Cox, Glenn L. Martin Co. 
David L. Davidson, Glenn L. Martin Co. 
Norman E. Dauble, Rocky Mountain Arsenal 
Michael Kardos, Glenn L. Martin Co. 
Freeman E. Mitchell, Monolith Portland Mid- 
west Co. 
Joseph F. Wisneski, Glenn L. Martin Co. 
DETROIT 
John Harned, General Motors Corp. 
Norbert F. Meininger, General Motors Corp. 
Philip C. Sauer, Sharples Div. of Penn Salt 
EASTERN NEW YORK 
Joseph Annable, General Electric Co. 
FAIRFIELD COUNTY 
Horace G. McDonell, Jr., Perkin-Elmer Corp. 
William B. Moran, General Electric Co. 
Vincent J. Rosa, Lycoming Div. of AVCO 
Mfg. Corp. 
Henry H. Meyer, The Fleischmann Labs. 
HOUSTON 
C, O. Horton, Humble Oil & Refg. Co. 
George Kramig, Jr., Dow Chemical Co. 
Samuel C. Puckette, Keystone Valve Corp. 
David J. Smith, Wright Industrial Products 
INDIANAPOLIS 
Loren C. Shrader, Shrader Engineering 
Service 
LOS ANGELES 
Charles R. Dippel, Consolidated Electrody- 
namics Corp. 
L. Frederick Fullam, Jr., Arnoux Corp. 
Raymond L. Hixson, Arnoux Corp. 
Curt J. Zoller, Century Engineers Inc. 
MEMPHIS 
John M. Tucker, University of Tenn. 
MISSOURI VALLEY 
Thomas W. Peterson, Barber-Colman Co. 
NEW YORK 
George Ejifrig, California Texas Oil Co. 
Matthew F. Farrell, Long Island Agric. & 
Tech. Institute 
John J. Gerba, Long Island Agric. & Tech. 
Institute 
W. H. Holby, Hydra Power Corp. 
Nathan R. Owen, J. H. Whitney Co. 
August O. Schmitz, C. W. Brabender Instru- 
ments Inc. 
NIAGARA FRONTIER 
David C. Groff, Bell Aircraft Corp. 
James S. Hursh, V. S. Gauge Div. 
Frederick W. Nadig, Stauffer Chemical Co. 
Raymond F. Wodarczak, Bel! Aircraft Corp. 


p> new members 


NORTHERN CALIFORNIA 
Carl Bowles, Superior Sales Co 
cone H. Stillson, Stillson Assoc 
Shiro Abe, Berkeley Diy. : 
ments Inc. Beckman 
Robert M. McFarland, Ralph N. B 
Alan F. Marks, Bechtel Cerp, 
Robert H. Smith, Aerojet General 
NORTHERN INDIANA 
Donald R. Schoen, The Hays 
NORTH TEXAS adh 
Howard W. Causby, Magnolia Pet 
Joseph H. Mitchell, Jr., Minneapol 
well Reg. Co. 
OAK RIDGE 
W. V. Yaden, Union Carbide Nucleg 
PADUCAH 
James R. Burdette, UCNC 
Elvin E. Kuehn, Union Carbide 
PENSACOLA 
Paul M. W. Bruckmann, Bruckm 
Russell L. Cross, St. Regis Pa 7 
PERMIAN BASE o 
J. M. LeBeaux, Stanolind Oil & Gas 
PHILADELPHIA 
Harry J. Bonetti, Parson & Co. 
Wayne L. Besselman, Leeds & Ne 
Wesley S. Burt, Fischer & Porter Gg 
Robert H. Cherry, Leeds & Northrup) 
Thomas W. Clements, Moore Pro 
Elwood T. Davis, Leeds & Northrup 
Dudley W. Day, Penn Instruments 
R. D. Eanes, Leeds & Northrup Co. 
Max Garber, Consolidated Electro 
Corp. 
Charles Halpern, Precision Th 
Instrument Co. i 
Charles E. Hatton, Bailey Meter Oo. © 
William F. Kamsler, Fischer & Port 
Herbert M. Marcus, Gruber Person 
ice, Inc. 
Hassan Manavi, Gulf Oil Corp. 
W. McAdam, Leeds & Northrup Co. 
Daniel J. McMonagle, J. E] Lonergan 
Robert C. McNickle, Brooke Enginee 


Inc. 

Robert C. McNickle, Brooke Engin 
Inc. 

John G. Mackay, Girdler Corp. 

John Mankelwicz, Technical 
AAI 


Fred H. Pond, Gulf Oil Corp. 
T. Williams Roberts, Jr., Fischer & 
Co. 
Alfred P. Snyder, George E. Fredericks 
John J. Tighe, Moore Products Co. , 
Chas. H. Young, Philadelphia Naval 
PITTSBURGH 
Charles H. Drummonds, Rockwell Mfg.t 
G. Clark Holbrook, Wheelco Instrume 
John L. Kontz, Bailey Meter Co. ; 
ROCHESTER 
Gerald W. Allen, Commercial Controls 
Millard T. Judd, Eastman Kodak Co. © 
SARNIA 
G. W. Ames, Polymer Corp. Ltd. 
SEATTLE 
Robert T. Best, Wallace & Tiernan, Im 
Dean S. Duffy, Wallace & Tiernan Ine 
SOUTH TEXAS 3 
Roy A. Ellis, Reynolds Metals Co. 
TAMPA BAY 
Joseph H. Andrews, Jr., International 
erals & Chemical Corp. ; 
Cecil E. Boughman, International 
& Chemical Corp. p 
Peter T. Grandish, Pete Grandish 5 
Service 
James G. New Berry, International 
& Chemical Corp. 3 
Ivan E. Richardson, Jr., International 
erals & Chemical Corp. F 
TORONTO ( 
Robert G. Huntley, Eldorado Mining & 
ing Ltd. 4 
TULSA 
Donald G. Irving, Warren Petroleum ¥ 
Merle B. Inman, Exline Engineering ( 
W. D. Peters, Phillips Petroleum Co 
TWIN CITY 
Wilson Harris, Berry Ervin Engin 
WASHINGTON 
Daniel C. McIntosh, David Taylor 
Basin USN 
WICHITA 
Donald E. Crane, Boeing Airplane Co 
Charles F. Osburn, Vickers Petro. 
B. R. Surratt, Boeing Airplane Co. 
WILMINGTON 
Chester W. Bush, E. I. du Pont de 
& Co., Ine. 
Harry H. Long, E. I. du Pont de Nen 
Co., Ine. 
MEMBERS AT LARGE . 
Claude L. Rucker, Jr., Container 
America ills 
Patrick E. LaLonde, Badger Paper M 
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